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Brown, B.Sc. (Lond.), A.R.I.C.; Lewis Edwin Coles, B.Pharm. (Wales), Ph.D. (Lond.), © 
F.P.S., F.R.L.C.; Geoffrey Leonard Cook; ; Rommary Donnellan, B.Sc. ; Philip Richard Falkner, © 


M.A. (Cantab. “A. R.L.C.; Desmond John Ferrett, M.A., D. Phil. (Oxon. ); Kenneth Field, 


MSc., Ph.D. (Manc. ); Phyllis Marjorie Garwood, B.Sc. (Wales), A.R.I.C.; Eric Stanley | 
Goodwin, A.R.LC.; George Rowland Edwin Constantin Gregory; Roland Sydney Hannan, > f 
M.A., Ph.D. (Cantab. ); Denis Hardcastle, Sc.Tech. (Manc.) ; Peter James Kipping, 
B.Sc. (Lond.); Barry Lightfoot; Chin Kuan Lim, M.Sc. (Malaya), P.A.I.W.E., F.R.LC.; 
Gaston Lennox > Stephen Pawan, B. Sc. (Lond.), ~M.1Biol.; Robert John Wale Powell, a 
B.Sc. (Lond.); John Roburn, B.Sc. (Lond.), B.Sc. (Nott.); Norman’ Mark Silverstone; 
David Cyril Thomas, M.Sc. (Wales); Joseph Francis Charles Tyler, B.Sc. (Lond.), A.R.I.C.; _ 
John Albert George Vidler, A.R.I-C.; Keith Hastings Wall, B.Sc., A.R.I.C.; John Reeve - 
White, B.Sc. (Lond.) ; John Patterson Whitworth; Paul Woodford, B.Sc. (Lond.). : 


JUNIOR MEMBERS 


David William Allen; David wid Betteridge, BSc., Ph.D. (Bim). 


[Tue twenty- ty-fourth gia Meeting of the Section was held at the Prince of Wales Hotel, 
‘Scarborough, from Friday, June 9th, to Monday, June 
|} The Chairman of the Section, Mr. . J. Markland, B.Sc., F.R.I.C., presided over an 
| Ordinary Meeting at 10.15 a.m. on Saturday, June 10th, at which Dr. H. A. Thomas gave | a 
[lecture (illustrated by a sound film) entitled “‘Automation.” 
| On the Saturday evening, the party saw the show at the Futurist Theatre, ‘Scarborough, 
and on the _— afternoon made a c coach tour, taking tea at Ravenscar. en, Fe hee 
WESTERN AND 1 MIDLANDS SECTION Licey 
\ JOINT Meeting | of the Western and Midlands Sections was held on Friday 
- On the afternoon of Friday, May 26th, a visit was paid to the Cider Factory of Messrs. va 
1 P. Bulmer & Co. Ltd. _ At 7 p.m. a meeting was held in the Town Hall, at which the Chair . 
was taken by the Chairman of the Western Section, Dr. G. V. James, MB.E., ,M.Sc., Ph.D. 7 
F.R.1.C. A film on “An Introduction to Ion Exchange” was shown and the following 
paper was presented: ““The Application o of Ion Exchange I Resins t to o Metallurgical Analysis,” 
s =>: On Saturday there was a coach tour of the Vale of Evesham and an informal dinner at 
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ie Tue thirtieth London Discussion Meeting of the Group was held at 6.30 p.m. on Paiaeecae E is 
21st, 1961, at Feathers,’ Tudor Street, London, E.C.4. The Chair was taken by coulo 


Chairman of the Group, Mr. C. Whalley, B.Sc., F.R.I. 
= The subject for discussion was “Quantitative Paper Chromatography,” which v was ag if ph 


follows: by E. C. Hunt, B.Sc.; “Organic,” by Gross, Ph.D. the t 


‘ean en osha of the Group was held on Friday, , June 9th, 1961, and took the form § 2c 


of a visit to Boots Pure Drug Co. Ltd., Nottingham. _ 


a In the morning a tour was made of the Pharmaceutical Manufacturing Factories and 
_ after lunch a visit was made to the Biological Laboratories. = = = ~~ 
_ Twenty-nine members and friends attended and their thanks to the Company were 

proffered by Mr. J. S. . Simpson, L. , Chairman of the Group. 


= 


 Coulometric Methods in 


By D. T. LEWIS 


S. I. R.. oft the Chemist, Clement s Tom C. 


Modern applications of the principles of ‘coulometry to 
are reviewed. The types of electrolytic apparatus required for the electro- i 
generation of reactant materials are described, special attention being pad 
to the various electrical indicator systems now being employed for titrimetric _ 
end-point determinations. Alternative chemical or photometric “indicator — 
methods receive general mention; 
_ The recent applications of oxygen and adsorption electrode devices oe 
illustrated ; electrolytic hygrometry is discussed, and some examples are given - 
of the use of coulometry for the quantitative analysis of pesticide residues | 
_ on agricultural crops, the determination of oxide tarnish on metals and the | 
_ determination of tin-alloy coatings on iron. The principles of the com- 


mercial ‘ ‘fuel cells” and analytical | applications are > briefly 


_ The general electrolytic principles governing the applications of cou slometry to analysis 
have remained unchanged since their enunciation by Michael Faraday in 1833. These 


laws may be concisely represented by the 


aie w is the weight in grams of an element formed by a mers ry electrode | process ss produced 
by the the passage of i amperes of current for a period of t seconds, eis ‘the electrochemical 


* Reprints of this. Paper will be available shortly. For details, see 656. 
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equivalent ar and obviously the of the p: element one 
sday, E is the gram equivalent Weight | of the element and F is the Faraday unit expressed in 
"ff The application of equation (1) to any analytical problem can only become ne possible 
pened i physical instrumentation is available that can measure in a precise quantitative manner 2 . 
three connected variables, weight, current and time, or which will give related 

_ f information from which the magnitudes of these variables may be determined. Determina- — 
y _ I tions that can often be made reproducibly to a precision of 0-1 per cent. and an equivalent — 


accuracy will usually satisfy the demands of the most critical analyst, and, if modern techniques _ 
of measurement are employed, the coulometric method will invariably satisfy this criterion, € - 


not oaly in the macro range, but i in the micro range as well. 


as 
4 CHEMICAL AND ELECTRICAL ‘STANDARDS ort 


AN 


‘The etsanibeaa | System of 1908 defined the ampere as that current: which would + 
deposit 0-001118 grams of silver per second in a voltameter of special design. This definition 
became obsolete in 1948 when the Ninth General Conference of Weights and Measures decided 
that the more fundamental absolute units were becoming known with a certainty exceeding 
that attending the older “international units.” ’ The theoretical re- ee of the oe ; 


employing Neumann’ s integral has resulted in the relationship— = i ae 


From the analyst’s point of view, this change is ‘of insignificant although the 
new value of the coulomb is also affected to a similar extent. . 44 
_ The most recent physical measurements of the basic natural constants have ‘yielded eS. 


(60) Avogadro’s Number = 6-02308 x 10” atoms per mole. 
(45) Electronic charge =e = 1-60207 10- -20 m. y 
(3) Velocity of light = | =2 997929 x 101° cm. per 
(2 6) Faraday = 9649-4 €.m.u, per gram equivalent = 96, 494 coulombs gram 


The » figures i in 1 parenthesis ‘preceding the name of each constant give the probable | errors in 
parts per million of the numerical factors. Since the value for e may be expressed as _ 
160207 x 10-1® coulombs, it is obvious that an ampere of current is also associated with = 
the transfer of 6-24 x 10 electrons per second. 
_ Silver is employed quite widely in coulometry as an electrogravimetric standard. © It 
is appreciated that it consists of two isotopes of atomic masses 106-950 and 108-949, present 
in amounts equivalent to 51-9 and 48-1 per cent., respectively. The migration velocities _ 
in aqueous solution of these two ionic forms must be exactly equivalent, because there have = : 
isotopic during electrolysis.* Such enrichment can 
luring the electrolysis of fused salts at high temperatures. 
_ Shields, Craig and Diebeler? at the U.S. Bureau of Standards, in a 1 study of the absolute _ 
bundance ratio of silver to be used for the accurate electrochemical determination of the | 
Faraday, have discussed the various conflicting results for the chemical atomic weight of — 
this element, the 1957 International Value being Ag = 107-88. On the basis of their mass- 
spectrometric observations, these workers suggest that the chemical atomic weight (0 = 16) © 
is more correctly given by "Ag = 107- 8731 + 0: 0020, a result ee significantly from the © 
_ _ The position of silver in the electrochemical series makes it particularly useful as a 
coulometric standard. If we consider a neutral omer solution of silver nitrate of ionic 


§strength 0-1 and of activity coefficient fa,+ 0-77, we have, B° C, following Nernst 

= + 0-05915 log fags Cage = 0-7990 — 0- -0659 = =0 7331 volt. 

duced At the inert anode, ‘the evolution of oxygen proceeds according to to the schen 

80H- > 10, + H, 0 4 


where ay+ X aou- = om = 10-" in neutral solution, he. 
= E%, 0-0296 02957 Nog =— 402 0- 002957 67 og (10 


08150, 
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Ex, + Eo, = 07331 — 08159. 
4 if we consider the presence of 0-01 M impurity in our silver solution, 
four = 0-5 when the ionic strength is 0-03, and the reduction a pe of cupric ion is 


10° gram ions per litre before copper impurity became deposited on the silver cathode, i. é., 
_ when Eag+ becomes 0-2761 volt. Even lower concentrations of lead and tin would obviously be 
tolerated, because of their more positive oxidation — and at a controlled- cathode (0) 1 


potential, virtually pure Silver is deposited. — be 


dal AY precision stopwatch is used by 1 many laboratories for the exact measurement 0 of fof t] 
electrolysis time, the main objection to its use being that it is difficult to switch on the current : 
and start the watch with complete simultaneity. For this reason, electrical or electronic 
timing units are generally preferred. They can form part of the electrolytic circuitry and§ 16,8 
give the advantage of being under the single switch control that also controls the current. § poss 
Times accurate to one-hundredth of a =s second are possible v with — types of electric 

_ For the accurate independent measurement of current, the preferred method involves § fron 
the use of a calibrated resistor incorporated directly into the series circuit of the coulometric strif 
cell. The potential drop across the resistor is determined with a precision vernier potentio-§ 
meter. Such instruments are available in the United Kingdom and will measure from fj coul 
2 volts to microvolts with an error of 0-002 per cent. 

If the electrolysis is carried out at constant current, the total number of coulombs §f devi 


If, however, an electrolysis is carried out at controlled potential, the current will usually § chat 


decrease with time according to the -expression—_ a lo 


where i ig is the initial current, the total number of coulombs ow ng given theoretically by the 8 and 


= 


—Itis obviously impossible toca carry out an to infinite time, ane in analysis 
it — if the roe is followed graphically until the final observed current i is] 
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which may be integrated by counting the This squares or by cutting out the ool Be 
and comparing its weight with a square of the same graph paper of known area. _ Alternatively, 
MacNevin and Baker® have plotted (Fig. 2) the linear equation logei = logeig — kt, and the 
intercept logeip and the slope, —k, are found from the graph. A few points will establish 
the straight line, and the integral, equation (3), is then readily evaluated. The previous — 
authors employed this method for determining the oxidation of the lower valency states of 


jon and arsenic by graphically following the coulometric titration over a period of only 


() DIRECT MEASUREMENT OF A NUMBER OF COULOMBS— ss 
_ This method employs a a standard chemical coulometer i in series with the electrolysis 
cll and, provided the coulometric reaction proceeds with 100 per cent. efficiency, it will 
give an absolute integrated measurement regardless of any irregularities in the magnitude — 
of the current. Silver and copper coulometers are widely employed, the increase in weight 
urrent™ Lingane* describes a thermostatically controlled gas  coulometer with potassium n sulphate 
tronic as electrolyte. Correcting for Vapour pressure, atmospheric pressure and temperature, 
y 16,811 ml of gas at S.T.P. = 1 of electroly te formulation are 
rent, § possible in such gas coulometers.: 
lectric _ Ehlers and Sease* have described the construction of a constant-potential coulometer 
8) for use in the 0 to 10 coulomb range. Copper is first deposited by the current to be measured Zz a 
oom from a copper sulphate solution, and the metal is then subjected to a quantitative anodic- 
entio-§ | Lingane and Small? make use of electrolytically generated acid or base to provide < a ; ©: 
- from f coulometer accurate to 0-1 per cent. at 10 coulombs and to 1 per cent. at 1 coulomb. «nis 
§ addition to the chemical coulometers, many ingenious electromechanical and electronic 
devices have been described for determining the “q’”’ function. . Thus Booman® has developed — 
an electronic potentiostat and integrator circuit with a 10-microsecond response to current — 
changes and usable in the 10 zA to 10mA range. Bett, Nock and Morris® have ge ol 


lombs 


a low-inertia integrating motor whose speed of shaft rotation is a linear function of the 
applied voltage. This sytem has also been studied by Furman and Fenton!® who show that 
in empirical relation of simplifying character exists between the motor-calibration factor 
and the value of the series resistor that controls the voltage across the motor terminals. - 
__ Bthe rotation of the armature shaft is followed by a simple mechanical counter, 
Strip-chart recorders have been used to study coulomb changes, which are flowed 
mechanically by ball-and-disc integrating systems. 
_ Coulometric devices of this nature are not commercially available in the United Kingdom. 
Potentiostats and automatically controlled cathode electrolysers may, however, be purchased, _ 
_ the cathode potential being pre-set and controlled automatically during the — 
_ deposition. These devices are also useful in polarographic measurements for the aay a 


§removal of large amounts of interfering ions by coulometric deposition. _ 


In coulometry the electrode processes may obviously be carried out (a a) at a 
sae or (b) at constant current, the voltage being applied from an external source, ¢.g., 
an accumulator. Such processes are examples of “external electrolysis.” In some unique 
instances quantitative electrode processes can occur without use of an external battery, 
g-, by the short-circuiting through a resistor of a simple chemical cell. The applications 


in coulometric analyses of such ane are to under “Internal Electrolysis” 


sis 


> ‘It is not proposed i in this review to deal in . any detail with external ili cialis of the 
‘lectrogravimetric type involving the weighing of cathode deposits. The phenomena of — 
‘over-potential” and “concentration polarisation” are important in all applications of coulo- a 
met hydrogen over-potential bein eatest at mercury cathodes (0:8 volt —_ oxygen ue 
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over-potential pronounced for the noble ‘metals: (0-5 volt). Such 
permit the prior deposition of cadmium (E® = 0-402 volt), whose normal deposition would 
wa have been expected to follow that of the more reducible hydroxonium ion (H,0*). The ® 
electrogravimetric deposition of silver has already been discussed in Section 2. 
“TITRATIONS AT CONSTANT CURRENT— 


Such titrations differ from volumetric titrations in that the titrant is generated electro. 


_lytically, the electron being the standard reagent. The accuracy of these titrations is such 

: that Tutundzic™ has suggested that the coulomb would be a Preferable standard in titrimetric 
analy sis, rather than the conventional chemical standards. The coulometric method is par- 

; ticularly useful for studies in the microgram to milligram range sand is capable of great accuracy. 

_ Two types of titrations are usually defined. In primary coulometric titrations the 
substance to be determined reacts directly at the electrode. In secondary —coulometric 
titrations, a reactive intermediate is first generated quantitatively by the electrode process, § 
and this must then react directly with the substance to be determined. It is obviously a 

sine qua non consideration that the coulometric reactions must occur with 100 per cent. 
current efficiency, and this demands a completely inert electrode system, absence of reducible 
gases, such as oxygen, , and also complete absence of electroactive solvents, impurities, etc, 
It is common practice to purge the atmosphere of the electrolyte cell system with pure 
___ The stability of gold, platinum and palladium electrodes in 1 strong oxidising solutions 

g “~ been critically examined by Lee, Adams and Bricker,!* who conclude that none of these 
nim are truly inert. Various investigations have shown, however, that platinum 


anodes may be successfully used for ‘the of titrants according to the 
scheme— 


eee Cl- > a. 
The classical papers ers of Somogyi!# have described the internal generation of 

halogen and subsequent oxidation of thiocyanate, hydrazine, sulphite, etc., and this work 


_ has been considerably extended by Swift e¢ al. Arthur and Donahue! have also demon- 


strated that electrolysis of titanic chloride at a gold colnate will produce titanous ions, 
_ which may be employes successfully as a reductimetric titrant. Tutundzic and Mladenovic™ 


-manganous’ sulphate anolyte. It is therefore obvious that noble metal electrodes can bef 
under fairly adverse oxidising - reducing 
@ APPARATUS F FOR CONSTANT-CURRENT  TITRATIONS— 


“Sa Most titrimetric coulometry is carried out under ouetiet. current conditions, particular 


attention being paid to the stabilisation of the current supply. A typical circuit is shown 
in Fig. 3, the switching on of the current being synchronised with the operation of an electric 
7 chronometer, although a stopwatch can obviously be used. A chemical coulometer can also 
replace both the precision resistor and the chronometer if this is preferred.  __ 
a With the circuit shown in Fig. 3, the constant current may be supplied from a 24- volt 
battery in series with a large resistance or, alternatively, the a.c. mains supply may be 
employed via a constant-voltage transformer with full-wave rectification and appropriate 
stabilisation in the output circuit. © Currents of 10 to 100 mA would generate from 1 x 107° 
_ to 1 x 10-* equivalents of acid, base, metal ion, etc., per second during the electrolysis. 
be coulometric reaction can occur at either of the e generating electrodes, and in general the 


in either may be with a mechanical or a 


- magnetic stirrer, and it is an advantage, particularly in controlled- potential coulometry, to} 
keep the rate of stirring as smooth and constant as eee ap 


_ The indicator-electrode system shown diagrammatically in Fig. 3 deserves special mention, | 
__ because it is representative of those special devices employed in coulometry to denote the} g 
= point of a particular titration. Such systems are described in detail in Section 4 (¢). fifo 
Sometimes, only one electrode or indicator half-cell is employed, this being coupled potentio- fisy 


metrically: with one of the working electrodes. 
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gated cathode of a potassium chloride electrolyte, the normal volumetric indicators, such ia Beer, 
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Inc coulometric acid - base titrations, e. g., the liberation of hydroxyl at the ‘segre- 


a 
as phenolphthalein, may be used to observe the end-point. — Alternatively, in such instances, eS ac - 
oe could employ the normal glass-electrode system and find the equivalence point fom 

pH observations. Conductimetric systems also have an obvious application in these instances. oa a 
__ Spectrophotometric methods have also been widely used for end-point indication, the | Sars 


coulometric cell being suitably ‘disposed i in relation t toa a spectrophotometer and the,end-point = 4 


oF 


A= Potentiometer - indicator meter, e.g., pH meter or or 


B= Constant-current supply 
= Working 
= Indicator electrodes or half-cells 
= or frit = = Double-pole switch 


te 
B.C. or A.C. timer 


intervals over sensitive region ‘of the titration. 
_ As an alternative to these preceding techniques, the so- -called ‘ ‘amperometric”’ wih a. 
electrode system is much employed. A dry battery impresses through a suitable we a 
a constant small potential across the two noble electrodes. The variation in current as _ 
recorded on a calibrated microammeter will yield a current - time graph showing 
inflexions in the end-point region. In experiments in the 10- to 100- -pg range, the electrolysis 
occurring at the indicator electrodes must be of negligible order or it will interfere with the — 
accurate determination of the amount of titrant generated at the working electrode. = == 
_ Leisey!® has shown that the determination of mercaptans in petroleum oil in alcoholic 
solution with electrically generated silver ion to precipitate the mercaptide may be fully a 
automated by causing the current increase at the amperometric detector electrodes to energise 
a that stops both the current and an electrical timer, 
__ The widely known “dead-stop” indicator system of Foulk and Bawden has been much a 
for detecting the Fischer reagent end-point in water determinations. A related indicator - 
system, depending on the rate of change of potential and known as the “derivative polaro- 
graphic me method” has been int for /Tedox titrations by Cooke 
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Two small platinum or gold electrodes are polarised with a minute constant current. — The 
indicator electrodes show a varying potential difference during the progress of the deter. 
mination, the rate of change being particularly well marked at the titrimetric end-point, 
- Such a system has been employed by Carson, Vanderwater and Gile” in their study of the 
interferences produced by other substances during the reduction of plutonium! with electro. 
- ; generated ferrous titrant. They used a constant current of 0-1 pA produced by a 3-volt 
battery in series with a 30-megohm resistor. The value of the polarising current is critical 
|¢ such applications and requires careful adjustment. _ Buck, Farrington and Swift? have 
_ made use of a similar system for the titration of monovalent thallium with bromine. _ —— 
~~ Potentiometric methods have been widely used for end-point detection in coulometric, 


acidimetric or redox determinations and their variations are so well known as to need no 
further comment. One recent interesting example, however, is given by the work of Mather 
and Anson,” who utilised a non-aqueous solvent system consisting of an acetic anhydride - 

_ acetic acid mixture containing a perchlorate salt for the coulometric determination of milligram 

_ amounts of fluoride ion (error 0-3 per cent.) by titrating it as a base with electrogenerated 
perchloric acid. This acid was formed at a working mercury electrode according to the 

— + 2CH > Hg,(OOC. CH), +: 2H+ + 
Most anions interfere, but for solutions of individual ions in poor acid the method applies, 
e.g., nitrate or sulphate ions may be similarly determined. End-points were determined 
potentiometrically with a mercury - mercurous acetate electrode coupled with a glass electrode, 
sharp voltage inflexions being produced at the stoicheiometric end-point. 

__ Furman and Adams” express the view that, for satisfactory end-point detection in ‘the 
microgram range, , pride of place must be given to the ‘‘Sensitive end-point method.” This 
involves the restoration of a pre-determined potential to an indicator cell system, the potential 
being itself determined by the end-point characteristics of the reaction being studied. This 
is essentially a null-point method, no current flowing in the indicator circuit when this known 

_ potential is achieved. It is thus capable of great accuracy, and the previous workers em- 
_ ployed a high-sensitivity galvanometer as their end-point detector. _ They have applied the 
technique to the coulometric titration of p-methylaminophenol and hydroquinone with 
electrogenerated cerium!Y, the electrolyte consisting of a cerous sulphate solution in 2™ 
‘The indicator system was composed of a platinum - iridium anode coupled to a lead- 
- -_ lead amalgam - 2 m sulphuric acid half-cell. The potential of the anode may obviously be 
adjusted to any value by passing a constant generating current and allowing cerium!V to 
a form at the working electrode in the well stirred solution. . The current is Agee until the 


- in the indicator circuit. A known amount of the organic reductant is then added, the solution ff. 
potential falls and is then again restored to the pre-set potential by electrogenerating ceric 
te until zero current is observed in the indicator circuit. The eanier of coulombs oes 4 ed 


reach this stage can be most accurately determined. 


a an the coulometric electrolysis is carried out at controlled- -potential, no indicating- 


electrode system may be necessary, the magnitude of the final current being sufficient indica- 
tion of the degree of completion of the reaction, eeseses—‘“‘sSsSsS 
_, Shults** has employed this method in the indirect determination of plutonium! with 
excess of ferrous ion produced at a platinum electrode in sulphuric acid ii the 
excess of reductant being determined by coulometric back-titration. 


Methods of the controlled- potential type can suffer from the requiring long 
electrolysis times, but direct indication of the optimum conditions for the successive electro- 
gravimetric deposition of cations can be obtained directly from the setae curves 
Lord, O’Neill and Rogers** have demonstrated the extreme : sensitivity possible by the 
controlled-potential method and have determined amounts of silver in the millimicrogram]. 
range by first electro- -depositing the metal and then it to an anodic 
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procedure. _ The current - time curve was automatically produced By: a recording 
meter of known chart speed and the area under the curve assessed with a planimeter (Section 3). oe ie 

A correction is applied for the background-c ‘need characteristics of the coulometer. Pas cay 


difficulty attending the internal generation of a titrant 3 is 
other substances or impurities may be present which produce electrolytic interference. “These — , eg : 
difficulties have been neatly circumvented by Pitts e¢ al.2*.27 and Bett, Nock and Morris,® | . 
who have described external generator cells wherein the titrant is formed externally and Paes 
. allowed to flow via capillary tubes into the solution to be titrated. ed. 1 _ Typical single-arm and 
eed no ifurcate assemblies are shown in Fi s. 4 and 


Gliss-wool 


4 and 5. . External generators of 


‘Chlorine and may be produced at platinum electrodes in this way way and passed 
into reducing solutions of arsenites, etc. lodine is said to be best generated in boric “97 
solution, which neutralises the alkali produced at the cathode. = = = ~~ | 
* ‘Reducing titrants, such as ferrous or titanous solutions, may be advantageously cannon 
in this manner from their more highly oxidised forms, and this technique thus eliminates | 
the need for the troublesome bulk storage of these very reactive solutions. Standard quanti- 
ties of hydroxyl or hydrogen ion may also be coulometrically produced in these devices, 
which usually incorporate either platinum or mercury electrodes. _ The method has obvious — 
advantages when the Choamt has to be added to hot solutions— anil 

pes sii of internal ‘electrolysis undoubtedly originated with Ullgren in 1868, we 
gvho, by short-circuiting the cell shown below for some hours was able to determine the a 


of copper in solution with an error of 0-2 per cent. by weighing the platinum “SE 
Zinc anode | Sodium chloride opper sulphate Platinum 


> curves An historical review of this subject has been made by Clarke and Wooten,” but a 
| Jnvestigatory work recorded in the literature is not extensive. Todt®® has employed the 
by the method to determine minute oxidised films on metal surfaces, the ‘metal being coupled with 
crogramf, cadmium rod in a suitable electrolyte and the current - time characteristics —— 


tripping investigations | have made Oelsen, Graue and Haase.* al pee 
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Am most interesting of the internal technique i is due to Hersch; 32,3 


and this has been elaborated by Keidel™ into an automatic system for determining trace 
amounts of oxygen in inert gases. The consists 1e galvanic-cell 


a Cadmium electrode 

4 

Potentiometer X 


hydroxide 
solution, 25 per cent_ Gas 


"potassium: 


oad into a 25 per cent. solution of potassium aot containing a cadmium caeks 
‘The oxygen is and reduced and the current generated 


d+ ‘Or 2H,0 - 40H- (Cell reaction). 


if one accepts that one F araday of current reduces 5603- 6 ml of oxygen at S.T.P. then, if 
the flow rate of inert gas containing c p.p.m. _ of of oxygen is is f ml per n minute, it is tis readily ¢ deducible 


_ that the cell current, i, is by— 4 


where P is the f pressure in atmospheres and T the temperature in degrees Kelvin of tl the inert 
under the conditions of the experiment. 
‘With a flow rate of 100 ml per minute and a temperature of 25°C, oxygen impurity | 
equivalent to 1 p.p.m. would theoretically yield a current of 26-7 A, and this is almost | 
exactly the value obtained in practice. 
a The method thus offers a most sensitive method for determining oxygen in nitrogen, 
helium, argon, etc., at levels well below 1 p.p.m., because current magnitudes of unit micro- 
ampere order are readily measurable. bi Koyama’ discusses the application of the Hersch 
- cell system to other gases, e.g., carbon monoxide and carbon dioxide, and replaces the 
solution of potassium hydroxide in the galvanic cell by potassium hydrogen carbonate. | 
_ It is obvious that if a de-oxygenated inert carrier gas is used to remove oxygen from liquids, . 
then the Hersch method can also be applied to determinations in liquid media. 
- Be: Modifications of his original method have also been described by Hersch** to determine 
traces of hydrogen in carrier gas. The gas stream is diluted with a known amount of pure 
a oxygen and allowed to react at 500°C on silica wool, the excess of oxygen being measured 
galvanically. Other applications, e. g., studies of the corrosion of metals by: acids, are referred 
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August, bad LEWIS: COUOLOMETRIC METHODS IN REVIEW 
Voorhies and Davis*? have recently described a constant-current coulometric m 
that involves the initial quantitative adsorption of the electroactive species to be determined | 
on to a layer of compressed acetylene black. This adsorbent then forms one of the working | oh 
electrodes of a generator cell in which the reducible adsorbed substances are subjected to 
a cathodic reduction process. Milligram amounts of anthraquinone and cupric ion have — 
been determined in this way after adsorption from solutions. 
_ Acetylene black may be obtained in a state of high purity, it possesses a low redox 
blank a over-voltage property for both and oxygen. Moreover, 


ty 
its contamination by adsorbed atmospheric oxygen is considered of negligible order. It is is 
probable that organic impurities in gaseous systems may be isolated from the gas phase 
he general design oft the working acetylene black el is show 


Th The electrolysis of water in the presence of any suitable acidic electrolyte —" ita 

accordance with Faraday’s law, oxygen and hydrogen gases being areal sh ie ale 

+ 20H- > H o(8) + 40. +H,0 (liq). 


the dissociation constant for water, kw = 10-4, the thermodynamic for the 


reversible decomposition potential.at 25°C of an electrolysis cell giving these gases ae ra 
® 4 = —0-403 0826 = volts, 
In practice, because of polarisation effects, the decomposition potential as measured experi- — 
mentally is usually about 0-5 volt higher for molar solutions. ] Wexler and Keidel** have — 


._. | developed an hygrometer based on the principle that, when a water vapour - air mixture 


fis contacted with solid phosphorus pentoxide in an a cell composed of the inert 
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wate with two spirally wound platinum-wire electrodes, and the absorbed water is quantitatively =~ | 4 ae 
ferred § decomposed by a measured current. The magnitude of this resultant electrolysis current == a ae 
permits the determination of water vapour in the p.p.m. range in air, 


LEWIS: COU LOMETRIC METHODS IN ANALYSIS, it ‘A REVIEW 


At a flow rate of 100 ml per ube ag air through the ‘Teflon cell under normal room 
conditions, 1 p.p.m. of water ' vapour produces an electrolysis current of about 13 micro- 
amperes. The instrument responds in a few minutes to humidity changes of the order 

h al ] 


_ (a) The extent to which foodstuffs are contaminated by residues of toxic agricultural 


pesticides is a matter of world-wide interest, and in some countries, e.g., the U. S.A., legislation 
_ restricts these residue levels to the p.p.m. range. Normal methods of analysis are time- Bi pana 
consuming, but Coulson e¢ al. have recently developed a method for determining BHC, oO 
- aldrin, dieldrin, DDT and other chlorinated organic pesticides in 1 hour. This method depends mete 
_ on a gas-chromatographic separation of the pesticide followed by a combustion, the effluent ” 
_ gases yielding — chloride ions, which are absorbed in water and coulometrically titrated § .... 
with silver. The method is applicable to ‘mixtures of chlorinated pesticides and to the of “f 
Schwabe and Seidel have also examined the direct of by 


6 Reilley and Porterfield have employed the em complex ion of the _ 


soluble mercuric salt of ethylenediaminetetra-acetic acid to titrate milligram concentrations 
of calcium, lead, zinc, manganese, etc., 


_ sequence is as follows, the complex ion ’ being produced by ‘reduction at a large ney 
cathode: 
2+ _ - 


a A pre-titration is necessary to find the blank value due to ‘contaminating ions, the end- inte — 
being observed with a , potentiometric system. _ The method i is s undoubtedly applicable to | 


— Devanathan and Fernando® describe an unusual coulometric method wherein a 
antici circuit gives constant pulses of electrolysing current to a titration cell, these 
7 pulses being accurately counted via a relay operating a Post Office mechanical counter. 
Minute amounts of reagent may be quantitatively produced in this way, and the method 
s considered superior to the constant-current method _ when Lead — to be determined 


are of the order of 10g or less; 
_ (d) Wilson and others have employed the method of controlled- -potential reduction 
to study the number, n, of electrons involved in the reduction stages of the aminoacridines. | 
They make use of a time factor, ty, determined graphically, which represents the time for 
= initial current to fall to half its —_— value. — The total number of coulombs passed 
during: the reduction is giv en by 


is ‘the weight o or « reducible of M. 
‘a (e) Kunze and Willey“ have examined the anodic dissolution of tin and tin alloy, FeSn,, 
from tinplate anodes immersed in a decinormal hydrochloric acid electrolyte, a graphite rod 
being used as cathode. A high-speed recording potentiometer was used to determine the 
potential differences between the anode specimen and a silver - silver chloride indicator 
electrode. Steps in the potential - time ct curve correspond to the dissolution of pure tin and 


Campbell and Thomas* the coulometric ‘method to determine T, 

‘the thickness of oxide tarnish (in Angstrom units) on a metal film reduced slowly with a 

small measured current. The cathode potential rises sharply to the hydrogen discharge 

potential when reduction is complete. _ The following equation applies— te Da 

ss i is expressed in milliamperes, t in seconds, A i is the film area in sq. cm, d is the acrid 
of the ‘film and M is the molecular weight of the oxide cc composing the eas Pt elise 
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; ‘Similar methods have been described by the Tin Research Institute® for the determina- _ 
tion of the tTelative amounts of stannous and stannic oxides on a | tinplate: surface. of = ha 
(g) Gierst and Mechelynck*” have made a unique mathematical and experimental 


fof constant-current coulometry as applied to unstirred, homogeneous solutions and claim — 

IF that certain determinations can be carried out in times of less than 1 minute with a precision | a 
i of the order of 0-2 ‘per cent. An equation is developed, based on the laws of electrolysis and e 4 
ur 


of ionic diffusion, which relates the extent of the electrode reaction to a function called 


‘tion [ “transition time,” which is indicative of the time interval between the establishment of a pe 
—_ capacity charge on the stationary electrode and the fall to zero of the concentration of electro- 

HC, active substance in its vicinity. A detailed schematic diagram of the electronic “‘transito- 

ated h) | Considerable international commercial interest is being shown in the development | 

the 9 of ‘fuel cells,’’*8 which are essentially coulometric devices for the direct conversion of chemical — 

_ flinto electrical energy with consequent improvement in the thermodynamic efficiency. = 

. by Typical of these devices is the Sondes Place cell, which operates at 500° to 700°C and has 
‘. porous electrodes of zinc oxide and metallic silver, which are contacted with fused carbonate _ 
ie electrolyte. These electrodes, when contacted with air or oxygen and combustible sludge 


gas, respectively, produce electrical current according to the scheme— 

Fuel electrode: 200% + > 

The corresponding Bacon cell utilises porous nickel electrodes and employs hydrogen as 
fuel; it operates at a temperature of 200° C and at a pressure of 400 lb per sq. inch.” a 
These fuel cells suggest an application of coulometry that has not yet been fully explored 
in the analytical field. There are obviously possibilities of utilising such systems for deter- 
mining combustible impurities in inert gas phases, e.g., as laboratory indicator cells for oa 


gas-chromatographic effluent gases. It is agreed that for such purposes it would be advan- 
tageous to develop a fuel cell that would operate satisfactorily at room temperature, but 


hese § some cells are already known that can function at approximately 100° C, and it may be possess -_ 
aod by employing catalytically active porous electrodes to lower this temperature yet | further. 
_ I express my sincere thanks to Mr. W. H. Scates of the Laboratory of the Government ; 
Chemist, who has kindly drawn all the included in this review. 
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March 3rd, 1961 


By H. J P. A. CAWSE 


(U.K. K. Atomic | Energy Authority, Wantage Research Laboratory, Wantage, Berks.) y 
_ Neutron-activation analysis has been applied to the determination of 
sodium, | potassium and phosphorus in biological material. When a flux 
of 10 neutrons per sq. cm per second for activation and an anti-coincidence Aa) 
counting unit were used, the ultimate limits of sensitivity for the three se 
elements were approximately 10-!°, 10-® and 10-!g, respectively. Radio- 
_chemical separation procedures were used, and it was possible to analyse 
eight samples for all three elements in an 8-hour working day. 
WHEN biological material is exposed to thermal neutrons, a large percentage of the induced 
radioactivity is produced by four nuclides, viz., sodium- 24, phosphorus-32, chlorine-38 and 
potassium-42; the half-lives and characteristic radiations of these nuclides are shown i 
Table I. The only other nuclide oe eee a major proportion of the induced 


AND ‘RADIATIONS oF *Na, Cl AND 
Nuclide— lit beta energy, Gamma 
Sodium-24 .. a Whours 1-37 and 2-76 
Chlorine-38 . 35 minutes and 
activity is manganese-56 (half- life 2-6 hours), the pe nitions 
after plant material has been toneutrons. The of activate 
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\) ime seeds at three different times after activation are shown in Fig. 1, in which the decay aa 
jof the peak caused by manganese-56 at 0-85 MeV can clearly be seen; the peaks caused > ‘ct 

- Several methods are available for determining the relative contributions of these nuclides => 
to ‘the total activity. Keynes and Lewis! and Reiffel and Stone? have utilised simple forms os 
lof beta spectroscopy. Chlorine-38 was allowed to decay away, and the hard f-rays from > Pers a 
the potassium-42 were determined by counting through a filter sufficiently thick to eliminate 
the softer B- rays from the other nuclides . Phosphorus- 32 was then determined as the residual = ns 
| for 1 week, and sodium- 24 was found by difference. Gamma 


ssible 


cules 


Fig. 1. Gamma spectra of activated tomato to seeds: curve 
\, 35 hours after activation; curve B, 7: 5 hours after 


to measure phosphorus-32 (a pure beta- -emitter), and the main gamma cmmuies of sodium- 24 7 
and potassium-42 are so close together that they are not well resolved by most gamma 
spectrometers. A third technique, used by Salmon,* involves radiochemical separation of — 
the three nuclides after the addition of carriers. We have used this principle in the work 
_ I described here; it requires more time and effort than do the other techniques, but is necessary — 
j to attain maximum accuracy and sensitivity. It is therefore suitable for analysing small | 
samples of biological material, but offers no obvious advantages when large samples are 
available. A rapid radiochemical separation of chlorine-38 has been described elsewhere? — 


=. of seeds were sealed in oon te film and then packed in pn be bags in 3-inch | 
x l-inch aluminium cans. (Before it was filled, the polythene tubing was washed with 7 
6 hydrochloric acid and then with water distilled from quartz apparatus; it was subse- 
quently handled with clean Perspex forceps). Each can was irradiated for 15 hours in a 
flux of about 10” thermal neutrons per sq. cm per second in the Harwell reactor BEPO. F 
This period of irradiation activates about half the theoretical maximum number of sodium 
and potassium atoms, but only 3 per cent. of the corresponding number of phosphorus atoms. — 
In order to attain higher sensitivity for phosphorus, activation should be for about 14 days, : 
en b@and all samples should then be sealed in silica rather than in polythene, which degrades : 
vated) after several days inside the reacto 
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‘The standards used consisted of 0-005-ml aliquots of a solution containing 0-5 yg of 


ae sodium and 10 yg each of potassium and phosphorus. The standards were prepared by § 


_ dissolving the calculated amounts of Specpure sodium hydrogen carbonate and potassium 


carbonate and analytical-reagent grade ammonium dihydrogen orthophosphate in water § S 


distilled from quartz apparatus; they were stored in polythene bottles. Self-shielding during 

Some standards were also prepared by absorbing aliquots of the solution in small sq squares 
: of Whatman No. 541 filter-paper. This technique was satisfactory for amounts of potassium 
and phosphorus down to 10-7 g, but was useless for sodium because of the amount of this 
- element in the paper. Attempts to wash this residual sodium out of the paper were un- 
successful. It was estimated that the filter- -paper contained about 0-35 wg of sodium per 
sq. cm, which is within the range of values measured by Born and Stark.® Possibly, the 

‘sodium- 24 found was produced by an (”,a) reaction from aluminium present i in the paper. 


After irradiation, , the exterior of each polythene tube was washed with 6 N bartels 
acid containing sodium as carrier and then with distilled water to remove active contaminants; 
if this precaution was neglected, the results for sodium were often erratic. The tube was 
‘then cut open at each end, and its contents were washed into a 50-ml centrifuge tube with 
water from a hypodermic syringe, about 2 ml of water being ample for this purpose. Each 

centrifuge tube contained 1 ml of a carrier solution containing sodium, potassium and phos- | 
~ Biological material was wet ashed in 1 ml of nitric acid on a sand-bath at 180° to 200° C, 
1 ml of sulphuric acid was then added, and heating was continued for 1 hour, by which time 
fumes of sulphur trioxide were visible. _ (Any active halogens were expelled during the wet 
ashing, which was therefore carried out in a fume cupboard. ) —s tubes w were then cooled 
to room temperature, and chem chemical separation was begun. — 
REAGENTS— 
reagents were of Tecognised analytical grade. 4 
Sulphuric acid, 36 N. 
Nitric.acid, 16 N. 
Hydrochloric acid, 12 N. 
Perchloric acid, 70 per cent. 
Magnesium chloride 50. per cent. w/v—Prepared from magnesium chloride 
Barium chloride solution, 30 per cent. w/v—Prepared from barium chloride —" 
4 mmonium carbonate solution, 10 per cent. w/v. Ar 
Sulphuric acid, 5 per cent. w/v, in diethyl ether. eat 
n-Butyl alcohol—Saturated with hydrogen chloride 
n-Butyl alcohol - ethyl acetate mixture(l1+1 v/v), 


the cc 
metal 
was V 
was 


Wash solution—A solution 6 N in hydrochloric acid and 1 N in sodium chloride. a q 


Combined carrier solution—Prepared by dissolving 37-1304 g of ammonium dihydrogen 
orthophosphate, 44-5652 g of potassium sulphate and 61-7689 g of mies sodium sulphate 
distilled water and diluting to 1 litre. 


- carrier -solution—Prepared by « dissolving | 25-4164 g of sodium chloride in distilled 
- Combined standard solution—Prepared by dissolving 7-4261 g of ammonium dihydrogen 
orthophosphate, 3% 5345 8g potassium carbonate and 0-3653 of ‘Specpure 


ucus 
| hydro 
a — EPA 
in die 
evape 
— was | 
soluti 
imes 
coun’ 
the s 
— 
freec 
of p 
prec 
thre 
asa 
the 
> SEP. 
rem 
tne 
by 
was 
cen! 
in 
boil 
and 
bur 


August, 1961] PHOSPHORUS IN BIOLOGICAL MATERIAL BY RADIO CTIVATION md 


Semon om 
fin n diethyl ether?; of alkali metals insoluble in ether. The phosphate was 
= A: 15-ml portion of diethyl ether, previously dried over calcium chloride, was added to 
this # the contents of each centrifuge tube, and the tube was spun in a centrifuge to coagulate the 

un f metal sulphates. The supernatant ether was transferred to a clean tube, and the precipitate — 

pet | was washed twice with 4 ml of ether containing 5 per cent. of sulphuric acid. The precipitate — 

the | was retained for determining the alkali metals, and the supernatant ether al washings were 
Pet. | evaporated by means of a current of air at room temperature. — The pH of the residual acid 

-! was brought to 9 by adding ammonia solution, and, when cool, 1 ml of magnesium chloride ~ 
= solution was added; the solution was then diluted to 10 ml and swirled. _ After 30 minutes 

nts: | 2 2 water bath at 20° C, the precipitate was separated by centrifugation and washed three =—«_—y 
was § times with water. Finally, it was transferred, as a slurry with acetone, toa w eighed aluminium 
with counting tray, dried, weighed and counted; ee chemical yield averaged 90 hl cent. ent. 7 
This separation of potassium was based on the insolubility of its 
the sulphates present had first to be removed, 
time § § The precipitate from the extraction with ether was dissolved in water, 2-5 ml of barium : 
wet § chloride solution were added, and the volume was made up to 10ml. After the tube had 
oled F been set aside for 10 minutes in a bath of boiling water, the precipitated barium sulphate 


was separated by centrifugation and rejected, and the supernatant liquid was poured into - 
— — containing 5 ml of perchloric acid. After being cooled for 15 minutes in a © > 


peti liquid was reserved for determining sodium. The potassium perchlorate was — 
freed from traces of sodium by recrystallisation, 0-1 ml of sodium carrier solution and 1 ml 
of perchloric acid were added to it, and the solution was diluted to 10 ml with water. The — 
precipitate was dissolved by heating at 90° C for 10 minutes and was then re-precipitated _ rs 7 
by cooling at 0°C for 20 minutes. It was then separated by centrifugation and washed _ 
three times with the n-butyl alcohol - ethyl acetate mixture. Finally, it was transferred, © 
| as a slurry with ether, to a weighed aluminium counting tray, dried, weighed and counted; 


| the mean chemical yield was 40 per cent. 
This separation ‘was based on the sodium chloride in -butyl alcohol 
ue saturated with hydrogen chloride; it was rendered somewhat tedious by the necessity for q 
=~ removing traces of active potassium and inactive barium left from the previous steps. ae 
eet __ A 1-ml portion of potassium carrier solution was added to the supernatant liquid from 
: the first precipitation of potassium perchlorate, and the solution was evaporated to dryness — 
ore in a 100-ml beaker on a hot-plate at 150° C. When cool, the sodium perchlorate was dissolved - 
aru by boiling with 15 ml of hot n-butyl alcohol, the solution was cooled, and the residue of 
a potassium perchlorate was separated by centrifugation. _ The supernatant liquid was see fl : 
_ | into a fresh tube containing 5 ml of m-butyl alcohol saturated with hydrogen chloride and 
de in} Was kept at 100°C for 10 minutes. The precipitated sodium chloride was separated by 
¥ _ | centrifugation, and the supernatant liquid was rejected. The sodium chloride was dissolved 
aad in 2 ml of water, 10 ml of ammonium carbonate solution were added, and the solution was ' 
1, | boiled for a further 10 minutes. Some barium carbonate was precipitated at this stage, rea 
tilled and this was separated by centrifugation. The remaining solution was transferred to a 100-mi — 
+ Lae beaker, acidified with 0-5 ml of hydrochloric acid, covered with a watch-glass and evaporated — a 
to “dryness on a hot-plate. Ammonium chloride was removed by heating strongly with 
rogen J bunsen burner for 5 minutes, and the residue of sodium chloride was cooled, transferred 
dium 


as a slurry with acetone, to a weighed aluminium counting tray, dried, weighed and counted. i. 
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‘The beta-activities of the precipitates were counted with ‘either a 2B2 end-window 
G Geiger counter (efficiency, about 40 per cent.; background, 30 counts per minute) or an 
anti-coincidence counter (efficiency, about 10 per cent.; background, 1-5 counts per minute). 
The low-background counter was suitable only for low count rates and was not often used. 
~ Radiochemical purity was checked by counting at intervals for several half-lives (and by 
_ gamma spectrometry for phosphorus) . The entire procedure, including ee: “could 


be carried out on eight samples by a single individual in 8 8 hours. a 


Discussion OF THE METHOD 


* The method was as compared. with a flame- -photometric technique tr sodium and potassium 


and with the molybdophosphate colorimetric technique for phosphorus; these techniques § 
e's been described elsewhere.!° Three replicate determinations were made by each technique, 


BETWEEN RESULTS BY ‘ACTIVATION OTHER TECHNIQUES 


Amount of element found by— 


element present, activation, conventional technique, 


1 


SENSITIVIT ITY AND AC ACCURACY— > 


hen 0-1- pg portions s of sodium, ‘potassium and phosphorus v were activated for 15 hours, 
the 1 respective count rates were approximately 3500, 250 and 200 counts per minute on the 
_ 2B2 counter or 1000, 80 and 50 counts per minute on the anti-coincidence counter. These 
_ figures are practical and allow for the low chemical yields in precipitating the alkali metals 
and for decay during the separation. The minimum detectable amounts of the three elements 
(sufficient to double the background of the anti-coincidence counter) were therefore 0-086 mug 
& sodium, 1-2 mug of potassium and 1-5 mug of phosphorus. It is possible to attain such 
sensitivity for sodium and potassium by flame photometry, although not with the simple 
instrument used by us. However, it is doubtful if any colorimetric method for ayes. 
is so sensitive, and the limit can be lowered by a factor of 15 by anette the period of 
a In practice, it is seldom required to work in the millimicrogram : range with these common 
elements, and the sensitivity is further limited by the magnitude of the blank value. Even 
ate thorough washing, the clean poly thene tubes yielded about 0-6 myg of sodium, 3-5 mpg 


i The accuracy of the technique is determined partly by the homogeneity of the neutror 
- flux (+2 per cent. in BEPO) and by errors in weighing the final precipitates and in the trans 

_ ference of standards by pipette; counting errors can be decreased to 1 per cent. by counting 
for 10,000 counts. The total error is probably less than +5 per cent. | cere ie 
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ndow The chemical procedures described above were tested with a aliquots of radiochemically 
or an sodium-24, _phosphorus- sulphur-35, potassium-42 and manganese-54. Sulphur is 
nute). § a major element i in biological material, although it is not activated to a great extent, whereas © . 
used. J manganese is much less abundant, but has'a very high cross-section for thermal neutrons. “fi 
ud by § The results of the tests are shown in Table III, from which it can be seen that contamination _ : 
could J is so small as to be negligible in practice. — ‘Chlorine- 38 was not used in this test because it on 
_ fis volatilised in the preliminary ashing step and because it has decayed almost completely a 
fy fafter 8 hours. Rubidium-86 was not tested either; it would be expected to follow potassium == 
closely, but under our conditions it should than 0-2 per cont eae the 


Content of nuclide found in precipitate 


7 


magnesium 


Nuclide tested chloride perchlorate, phosphate, 
‘ 


Sodium-24 
Phosphorus-32 . . 


-35 
Potassium-42 
-54 


Several nuclear reactions could interfere with the determinations po above, 


but all could be _ eliminated by carrying out the activation in a thermal-neutron column > 
having no fast- neutron contaminants. can give rise to interference from 
g (n, p) 
(ii) "Al 


2Ca (n,p) 

Reactions ti). and (vi) were of no sitios in this work, as the amounts of aluminium — : 

and scandium in biological material are low cross- “sections for 


rference can “only 


that th these ese interferences are are negligible. ig ites 
| ~~ Tomato seeds were collected under clean conditions from glasshouse plants grown in 
omm0on sand culture on Long Ashton | complete nutrient solution. _ They v were found to contain, 


 Even§iper gram, 0-19 mg of sodium, 6-96 mg of potassium and 7-75 mg of phosphorus. These’ 


vils 


3. 5 myggresults are the means of four replicate determinations and are similar to the values 0-21, 

is blank§7-0 and 7-0 mg, respectively, found by other methods.1 ase 
1e trans- The neutron-activation method described i isa remarkably sensitive technique for deter- 
pounting mining sodium, potassium and phosphorus. It should be particularly useful for determining 

re Btraces of phosphorus in biological material, as flame e photometry is already established as 
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hours, magnitude of the inte be calculated for specific samples in which the 
the#icontents of the interfering™ are Known. For example, the seeds studied by us i 
These contained 0-6 mg of sulphur per g. This would give rise to an amount of phosphorus-32. ot) aa Fc, 
_metals§i corresponding to 0-033 mg of phosphorus per g of the original seeds, which is only 0-4 per — 
lements cent. of the observed value. The magnesium content of the seeds was 0-3 mg per g, but when 
— 
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a ‘a satisfactory method for « the alkali metals on the micro Ast far as mo< 
_ biologist is concerned, however, the method is not sufficiently sensitive for the determination ff in { 
of these elements in most individual cells or parts of cells. For example, a single yeast wea 


cells weighs 5 x 10-1°g, and its potassium content is of the order of 5 x 10-"g. Evenifg - 
= - fluxes of 10“ neutrons per sq. cm per second were used for activation, this amount of potassium § rest 
7 _ would not be detectable, much less determinable. It i is th therefore evident that the analytical § and 
challenge of of is not being fully met. core oe! 
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Rapid Micro- cro-determination of 
Fluorine-containing Compounds 
By G. AND B. 
(Department of Chemistry, College of Science an and Technology, pn 1) 
A modified Dumas combustion train for the rapid determination of pot 
nitrogen in fluorine-containing compounds and those difficult to combust is 
described. The tube does not contain a temporary a and hydrogen I: 
peroxide is used as an intermittent source of oxygen. =: 
THE conventional Dumas method ow inapieiie nitrogen in organic ‘compounds! req requires 
_ considerable modification when analysing compounds that contain fluorine? or are difficult 
to burn, leaving nitrogenous chars,® or when attempting to combust rapidly. With fluorine- 
4 containing compounds, tetrafluoromethane® often appears to cause the difficulty, and it is 
possible that CF; radicals formed by initial C-C cleavage have time to react with each other 
4 = of with copper oxide, so forming hexafluoroethane. _ This suggests that the normal 
Bsa temperature of the Dumas train, 600° to 700°C, is too low. The formation of 
ences, which are not absorbed by the potassium hydroxide solution in the nitrometer, 
will cause high | results for nitrogen. . According to Sidgwick,® the decomposition of hexa- 
-fluoroethane vapour begins at temperatures in excess of 800° C, so that the first requirement 
when dealing with fluorine-containing compounds would be appreciably to raise the tem- 
perature of the ordinary Dumas train? eee 
A satisfactory technique has been developed in the Microanalytical Laboratory at 
Cambridge (personal communication from Professor R. N. Haszeldine) in which are used a 
gas-heated combustion train and a silica tube about 70 cm long containing a permanent 
filling of copper oxide and copper and, in the “beak” end, a layer of sodium fluoride fe 
silicon tetrafluoride; the sample is contained in a platinum 
_ The replacement of the copper oxide - copper mixture with nickel oxide sated 
Kirsten to use much pyrolysis temperature, 1080" C; although this method and it 
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by Belcher and Macdonald® proved to be 
in fluorine-containing compounds and those difficult to combust, its disadvantage is high # 
wear Of the silica tube, nickel oxide apparently catalysing the crystallisation of silica. _ all : o 


tory | at 
used a 
‘manent 
ride for 


_- For substances that are difficult to burn and leave nitrogenous chars, so causing low | 
results for nitrogen, many remedies have been suggested, based on a combined pyrolytic — oa a 


and oxidative attack." as well as on Kirsten’s method. Special reference must be made F. a; 
to techniques devised by Unterzaucher,” involving oxygen generated by the catalytic decom- | z! 
position of hydrogen peroxide, Swift and Morton,? who used oxygen from a cylinder, and 
Cropper, Reed and Rothwell, 13 who generated | oxygen electrolytically in small amounts at — ag 


Finally, rapid methods for determining nitrogen based on of the Dumas 


method have been advocated by many investigators, these modifications involving, for a 
example, increase in temperature and in length of tube,‘ high temperature combined fae 
with oxygen and the use of a pre-combustion technique!” anda specially designed 

By increasing the length of the tube to 100 cm and using two high- and one medium- ‘ ‘ 
temperature electrically heated furnaces for that part of the tube filled with copper oxide 
and copper and by inserting hydrogen peroxide | as an intermittent source of oxygen in the 


above quantitatively and ‘rapidly. The described i in paper is 
after much investigation. 


> 


q _ The quartz tube (see Fig. 1) is approximately 100 cm long and 11 mm in diameter and | 
is equipped with a side-arm at the rear end (mouth) for admission of carbon dioxide. The — 


ee boat: it is heated te a movable furnace of the #8. type. The remaining yottiin 
of the tube is filled permanently and is heated by furnaces A, B, C and D, the first three — : 
being close to each other. _ The lengths of the furnaces and the sequences of the layers — 
surrounded by them are: A, 16 cm long, filled with equ.'! lengths of M.A. R., pow dered cupric : ca R 
oxide, copper wire prepared by reducing M.A.R. cupric oxide wire with hydrogen, and cupric b 
oxide powder; B, 28 cm long, filled with 18 cm of ‘cupric | oxide wire and 8 cm of copper wire; 
C, 10 cm long, filled with cupric oxide wire; D, 9 cm long, filled with 10- to 14-mesh granules “i 
of sodium fluoride puriss.2° The gap between C and D, which is at least 4 cm (although there — 
was no detrimental effect on the results when it was increased up to 15 cm), is filled with 
cupric oxide wire. The “beak” of the combustion tube is packed with M.A.R. silver wool. 
All layers are held in place by plugs of silica wool, the sodium fluoride layer being held 
rather loosely. The temperatures of furnaces A, B, C and D are adjusted to 750° (or 
between 750° and 800°), 850°, 600° and 180°C, respect! ively. When analysing ore, 
not containing fluorine and those easy to combust, furnace B can be used at 700° i 
Furnace A is of the split type; B, C and Dare a 
_ A conical 75-ml suction flask (see Fig. 2) is placed i in an inclined position between the _ 
bubbler (adjoining the carbon dioxide generator) and the combustion tube, and carbon dioxide Re 
passes over the surface of 50-volume hydrogen peroxide (M.A.R.). A piece of 60-mesh silver _ 
gauze suspended from a platinum hook at the end of a bent glass rod can be made to dip 2 
into or touch the surface the hydrogen peroxide by turning the Interruption 
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a the contact causes almost instant stoppage of the flow of oxygen. The supply of oxygen 
is regulated visually, i.e., _by observing the disappearance of the nitrogenous char in the 
combustion tube. — Oxygen is produced intermittently, rather than continuously, to avoid 
excess of oxygen in the combustion train. ME ee 
semi-micro has been used throughout. We found that the 
‘introduction of a few milligrams of black selenium powder into the 50 per cent. solution of 
potassium hydroxide prevents bubbles of gas from adhering to the surface of the mercury 
and breaks down foam at the potassium hydroxide meniscus; selehium partly dissolves in 


= needle inside the nitrometer by means of a magnet.*1 _ The addition of mercuric oxide also 
bubbles of an from adhering to the surface o the mercury, 
| 


a The source of carbon dioxide is a Tucker generator, = pean is connected to a bubbler 
containing a saturated solution of potassium carbonate to retain any drops of liquid carried 


over from the generator. _ The flow of gas is adjusted with a precision screw- clamp between 


_ the bubbler and the oxygen generator. — The bubbler also s serves as a useful detector of leakage; 
_ when the nitrometer is isolated by rotating the tail stopcock and the wieaeunae screw- mew-clamp 
is fully opened, the ‘appearance of bubbles would indicate leakage. 


PROCEDURE 


with a fast stream of onten dioxide, the gas escaping through the tail phat into the 
_ atmosphere, passing first through a small volume of water in a conical flask; a short piece of 
_ rubber tubing attached to the tail stopcock dips into the water. This simple arrangement 
_ acts as a hydraulic valve and prevents air from diffusing into the combustion tube. (After 
a determination, it is advisable to remove the conical flask heaagty to close the a SO as 


on and meat to attain the required temperatures. | 
_in the nitrometer, the platinum boat, containing between 10 foe 20 mg of sample, is pat 
_ in the combustion tube 5 to 10 cm from furnace A, with the stream of carbon dioxide still 
Ss through the apparatus. The mouth of the combustion tube is closed, and carbon 
dioxide is passed until small bubbles again appear in the nitrometer. _ The flow of gas is 
then adjusted so that one or two bubbles rise in the nitrometer per second. . The movable 
furnace is then pulled into position round the combustion tube. 
___ In the presence of nitrogenous chars, the rate of combustion when the oxygen-injection 


_ technique is used is g governed by the rate of disappearance of the char; as oxygen is generated, 
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the flow of carbon dioxide is appreciably slowed down (one or two bubbles per 2 seconds) 
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When all the char has disappeared, generation of oxygen is stopped at once, and the slow | 
stream of carbon dioxide is maintained for 3 to 5 minutes to ensure complete absorption — 
of the excess of oxygen by metallic copper. At the same time, the movable heater is brought : 
back to its starting position, and the empty part of the tube is re-traversed with it. After — 
this, the tube is swept out with a fast stream (approximately 9 ml per minute) of carbon ie, 
dioxide for 1 to 2 minutes, and the rate of flow is then decreased. When small — 
appear once more, the movable heater i is switched off and pushed clear of the combustion 
tube. _ The nitrometer is isolated, and, after 5 minutes, the volume of gas in it is read. 


a steel t It h nT bie tea ae oF 
y ica are own in Table 


Unless otherwise stated under “Remarks,” the temperatures of furnaces 


A, Cc and D were maintained at 750° , 600° an and 180° C, 


Approximately (1 + 1) mixture of 
Teflon m-dinitrobenzene 5-26 + eomibustion 


placed in close contact 
filling 


10 —_-p-Nitroaniline (M. AS.) 020. 0-29 20-28) Oxygen injected; rapid 
BL ANK TEST 
—_ A check was carried out under rather axtifcial conditions by passing a very rapid stream 
of carbon dioxide through the combustion train for 30 minutes and keeping the temperature — 
of furnace B at 850°C. A blank of less than 0-02 ml was obtained in the nitrometer. With 


the normal Dumas temperature setting (furnace B at 700° C), the blank was ha hardly perceptible, a 7 


even with a magnifying lens, 1.¢., it was practically zero. 
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~ According to Clark and Rees,5.23 the ordinary Dumas micro-determination of nitrogen 
can be used without modification for fluorine-containing compounds. _ In our view, an increase ~ 
in the temperature of combustion over that ordinarily used is imperative. a Cirvieasiy the 7 


we established | that the lower limit. of temperature. for about 
800° C; the upper limit was 900°C or less, being determined by the extent to which the _ 
copper ‘oxide attacked the silica tube. 14 Not infrequently, this produced cracks in the tube, 
and we therefore recommend that the temperature of furnace B be maintained at 850°C. — 
_ There are three combustion zones in our apparatus. First, the pre-combustion zone 
(heated by furnace A), containing powdered copper oxide to assist combustion. Here, most Py 
substances b burn m quantitatively when combusted but fluorine- -containing compounds 
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¥ 
tend t to behave differently | (see experiment No . 8, in Table I) . The inniemeins ‘setting of “s 
Aisnot altered throughout. Second, the ‘ ‘finishing” zone (heated by furnace B), the function 
of which is two-fold; it completes the combustion of “awkward” compounds (with B at the § 


high-temperature setting) and helps to carry out combustions rapidly for all compounds 
7 (with B at the high- or middle-temperature setting). Third, the “eliminating”’ zone (heated 
y furnace C), which helps to restore the carbon dioxide balance prevailing in the normal 
Dumas method,!*-7 so eliminating carbon monoxide™  * produced in the hot “‘finishing” 

zone.30 Experiment 6 (see Table I) emphasises the well known fact that under high- 

temperature conditions the Dumas method is not very satisfactory. 

As furnaces A and B differ relatively little from each other functionally they could 
2 amalgamated into one large high-temperature heater. We found it more 
practicable to have them separate, “any as A is of the split type and hence easy to 
The introduction of oxygen into the D — train has, in our experience, no effect on 
C-F cleavage." The presence of hydrogen, however, according to Milton and Waters, 
seems to be necessary ae the satisfactory analysis of fluorine-containing compounds. Pre- 
sumably, fluorine formed by initial C-F cleavage combines with hydrogen to form hydrogen 
fluoride, which, with silica, gives silicon tetrafluoride and water vapour. Only traces of 
moisture, always present in the Dumas system, would therefore be required to initiate this | 
_ This raises the problem of the disposal of silicon tetrafluoride. If it reaches the nitro- 
meter undecomposed, it will be quantitatively absorbed by the potassium hydroxide solution, | 
but we found that it might be partly hydrolysed by traces of moisture, resulting in deposition 
of silica near or in the stopcock and so blocking the flow of gas. This is effectively prevented 
by a layer of sodium fluoride® in the “beak” end of the combustion tube (maintained at 180° C 
by furnace D). After having carried out determinations of nitrogen both with and without 
this sodium fluoride, we strongly recommend its use in the routine analysis of fluorine- 
containing compounds. 
For substances difficult to combust, giving nitrogenous chars, the addition of conmidnea 
amounts of oxygen to the cupric oxide - copper-filled tube is, in our experience, satisfactory. 


> 


does not bubble through a solution of hydrogen peroxide; the flow of oxygen is therefore 
: ‘independent of the flow of carbon dioxide, and oxygen is produced intermittently instead of 
continuously. Further, we use silver instead of platinum, the 60-mesh silver gauze being 
telatively cheap and readily available. The catalytic activity of silver is similar to that of 
platinum ; the rate of decomposition of hydrogen peroxide on silver is 10’ times that on an 
inert material such as polythene 
a. _ Experiment No. 9 in Table I shows a rather interesting observation: when no external 
= is available, errors due to the formation of nitrogenous chars can often be decreased 
by placing the platinum boat containing the sample close to the cupric oxide powder of the 
- permanent filling. This technique, although not a complete remedy, is significantly simple. 
_ The achieved increase in the rate of combustion we attribute mainly to increases in 
length of tube and temperature, both of which favour more thorough combustion ; the greatest 
danger in any rapid method is the occurrence of incompletely burnt gaseous products of 
decomposition in the nitrometer.'” The active life of the combustion tube in our apparatus | 

is — sixty determinations, with an average weight of sample of lb mg. 
We thank Professor R. N. Haszeldine for the communication referred t to on p. 512 and 


Mr. Woodbridge for carrying out various timing operations. 
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of Added Borates in Mi Mixed F ‘ertilisers 
(Imperial Chemical Lid., Billingham D Division, P.O. Box No. 6, Billingham, Co. Durham) 
on an -_ anil method for determining borates in fertilisers in the ra range 0-1 to 1 per b twin 
cent. of boron is described. Phosphate is removed by adding bismuth nitrate 
solution, and the ‘‘identical-pH” method is used to detect the end-point of 
fPaess INTEREST in the manufacture of ‘‘compound”’ fertilisers to which borates have been added ~ 
brent. in ¥ 8 increasing, and this has focused attention on the analytical problem m of accurately a 
reatest mining the borate present. The amount added is more than a “‘trace” and may generally 
corny of be within the range 0-1 to 1 per cent. of boron. Current methods of determining borates _ 
paratus § 7" either photometric or volumetric. Most of the photometric methods are perhaps more> 
© Bsuitable for “traces” than for larger amounts, and it is thought that a volumetric method _ 
vale aa will be preferable. These methods depend on the formation and titration of glyceroboric 
512 and§ 2cid or, better, mannitoboric acid, and this necessitates prior separation of the borate from > 
interfering substances, including phosphate. Distillation as methyl borate and hydrolysis 
.» ety of the distillate is well known, but it is time-consuming and difficult to carry out quantitatively. — j 
oxy as The American Association of Agricultural Chemists! recommend two methods, one for acid- : 
soluble and the other for water-soluble boron. . In the first, phosphate is removed with tead 
is, Green f nitrate, the excess of lead (and also calcium) being remov ed by sodium hydrogen carbonate. y ’ 
Publica | Finally, the boric acid is titrated by adjustment of the pH to 6-3, addition of mannitol and 
ne titration to the same pH value with sodium hydroxide solution (“identical-pH” method). — 
The water-soluble boron is extracted by hot water, phosphate comoved 


hydroxide solution, and ammonia is removed by boiling for at least 1 hour. After filtration 
and removal of carbon dioxide, the scbution i is made neutral to por red, mannitol i is added, : 


Son 

, Oxford, 


These can that are re difficult to to handle (e (even if “filter aids” 

are used), and in our hands the results were not as reproducible as one could wish. We 

7 _ therefore considered the possibility of using some other reagent to remove phosphate from 
the solution. Among the known precipitants for phosphate, bismuth nitrate in dilute acid 


solution seemed promising. As long ago as 1860, Chancel? determined phosphate by precipi- 
tation as bismuth phosphate and noticed that the crystalline precipitate settled and filtered 
= well. Rathje* had proposed to titrate phosphate with bismuth nitrate solution, locating the 
7 end-point by the orange colour of bismuth iodide, but pointed out that chlorides and sulphates ” 


interfere through formation of basic om, 2 _ It occurred to us that the use of bismuth would 


no 


Borate content found, ast boron, by— 
0-174 
0-177 


have vantage that the eXCess could be basic salts by 


the pH and diluting the solution. A few experiments showed that a separation was possible, 
but also showed that an excess of bismuth was necessary Over that t equivalent to th to the —_— 


Each of of a ‘series © f 2- -g a commercial. fertiliser containing 


— resulting solutions were treated with different volumes of a 2 2 per cent. w/v solution of 
_ bismuth nitrate (see ‘“Method’’). _ The amount of phosphate remaining in solution was then 
Volume of bismuth nitrate solution used, ml.. 50 45 35 20 a? 
Proportion of original P,O, left in solution, % 0-2 5 9-5 25-0 5 


Thon results show that only with a volume of the bismuth nitrate solution equivalent to 


_ §mil for each 1 per cent. of P.O, in the fertiliser is removal of phosphate virtually complete. § # 
To obtain a crystalline precipitate that settles well, the bismuth nitrate solution must J ° 
_ be added slowly to the hot acid solution of the fertiliser, with frequent agitation; after the § 
_ addition is complete, the pH of the solution is about 1-7. It was found most convenient to § > 


allow the solution to cool, dilute it to a given volume and then filter an aliquot part rather 
_ than to wash the bismuth phosphate. That this does not lead to loss of borate is shown by 
the results on p. 519. Excess of bismuth in the aliquot is removed by addition of a small 
excess of sodium hydroxide. _ This precipitate (basic salts of bismuth) is washed, and the 
borate is then titrated in the filtrate by the “‘identical-pH’”’ method after removal of carbon 
4 dioxide. For a fertiliser containing 0-15 to 0-2 per cent. of boron, the titre of 0-02 N sodium 
hy droxide is in the range 7 to 10ml. There is a slight blank value; if possible, this should 
_ be determined by analysing a similar fertiliser to which no borate has been added. . If this 
is not possible, an average blank value of 0-15 ml of 0-02 N sodium hydroxide can be used. 
We have only concerned ourselves with total or acid-soluble borate. It is doubtful 
_ what significance would attach to water-soluble borate, and one or two preliminary experi- 
ments suggested that the method of extraction influenced the results. Although the 
= ‘identical- has often been treated as empirical, our the of 
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phosphate) known amounts of sodium tetraborate were added, and the boron contents w were ae 
determined as described under “‘Procedure’’; the results were— 


Boron added, %_ 
Boron found, % © 


0-517 

f ‘Two samples of a commercial borated fertiliser (based on superphosphate) were analysed _ } 
by three analysts, the third of whom made only one determination on each sample and had > tdi 
no previous knowledge of the method; the results are shown in Table I. These results, 


together with those above, show satisfactory reproducibility. 
1 The time required for a determination in pnts is about 3 hours. 


Bismuth 22¢ of Bi(NO i in 8 concentrated r 
acid, with slight warming if necessary, and dilute to 100 ml with water. — arc 
Weigh out 2-5 of sample, transfer to a 400-ml add 2 ml nitric acid 
50 ml of water, stir, warm, and dilute to 100 ml with water. Warm the solution to 80° or 
90° C (do not boil, as boric acid is volatile in steam), and slowly add from a burette, with 
continuous stirring, 5 ml of the bismuth nitrate solution for each 1 per cent. of P,O, present 
d in the fertiliser. Keep the solution hot during precipitation . Allow the precipitate to settle, 
cool, wash into a 250-ml calibrated flask, and dilute to the mark. Filter through a dry 
Whatman No. 40 filter-paper, rejecting the first few millilitres, and, by pipette, place 100 ml 
of the filtrate in a beaker. Add a few drops of bromothymol blue indicator solution and then 
a 10 per cent. solution of sodium hydroxide, with thorough stirring, until the indicator turns _ 
blue. Separate the precipitate on a Whatman No. 541 filter-paper, carefully wash it several 
7“ times with cold water, and combine the washings with the filtrate (the total volume should © 
be about 150 to 200ml). Adjust the pH to about 5 by adding 5 per cent. nitric acid, heat 
to about 90°C (do not boil), and stir vigorously to remove carbon dioxide. faut 
im. Cool, place in the solution the electrodes of a suitable pH meter, and adjust the pH to 6-3; — 
s then § first use 10 per cent. sodium hydroxide solution, and finally bring the pH exactly to 6-3 with 
ae | carbon dioxide-free 0-02 N sodium hydroxide. Add 10g of mannitol, and again bring the 
pH to 6-3 with the 0-02 Nn sodium hydroxide. Continue to add 10-g portions of mannitol — 
76-5 | and to re-adjust the pH to 6-3 until, after the final addition of mannitol, the pH — ae 
| constant at 6-3. (For samples containing up to 0-5 per cent. of boron, 20g of cw 
plete. § are usually sufficient.) The total amount of 0-02 N sodium hydroxide used after the additions — 
“must § of mannitol corresponds to the amount of boron present in the solution, | 
erth | Carry out a blank determination on a similar type of fertiliser to which borate has e.: 
ent to § been added, and subtract the blank titre from the titre previously obtained; if a “blank” 
rather § sample is not available, deduct 0-15 ml from the titre of 0-02 N sodium hydroxide. 5 Calculate 
wn by § the borate content, as boron, of the Fae from the equation— ~ ee 


Boron content, %= — B) x 0-000216 x 100 
l e 


in which A and B are the titres of 02 N hydroxide i in ‘the and 


used Horwitz, W., Editor, “Official Analysis,” Edition, ne Association of Official 

ubtfu 2. Chancel, G., Compt. Rend., 1860, 50, 416. 
h the Received 24th, 1961 
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Parton Chromatography 


By 


| 
the time involved in and components in the eluate. 
_ With the apparatus described, most of these time-consuming operations are ~ 
avoided by continuously recording the percentage of ultra-violet light of 
- fixed wavelength transmitted by the eluate. By this means, the emergence perme 
- vor - from the column of separated components is indicated by the appearance of 3 


peaks on the recorder chart. Some components can be identified and deter- 
mined directly from the trace by the relative positions of and areas under ie fe 


the peaks. For others, an automatic fraction collector is used, and the trace __ met 
serves as a guide for ble nding fractions for ultra- ‘violet 


THE ssahies fraction mide from coal-tar distillates sees over the 1 range 230° to 270° C 

is essentially a complex mixture of monohydroxy aromatics containing minor amounts of 
dihydroxybenzenes. As the latter may have some bearing on the properties and utilisation 

of such a fraction, a method was required for determining individual dihydroxybenzenes in 
the presence of much larger amounts of monohydric phenols. - Such a method would also 
be of value in classifying aqueous phenolic effluents and in evaluating procedures for treating 
eA them; for this purpose, the method should be applicable to a dilute aqueous solution of the 
sample. Chromatographic procedures were clearly suggested, and liquid - liquid partition 
was preferred to paper chromatography because it could more easily be made quantitative. 
Such a method had already been successfully devised! and appeared to be suitable for our 
purpose. The chief disadvantages of the column procedure were the slowness of operation 
and the time required for identifying and determining the eluted components. In view of 
this, a semi-automatic apparatus was designed to work without attention overnight and to 
record a trace showing the eluted components. The amounts of individual dihydric phenols 
cout then be determined after blending fractions (the trace being used as a guide) or some- 


times directly from the trace, 
Although the apparatus has been constructed for determining dihydric phenols, it can 
_ also be used for other chromatographic determinations, with a suitable choice of phases, 

provided that a wavelength can be found in the visible or ultra-violet region at which the 

solvent transmits light as cia more than do the components to be measured. Ss | 


‘DESCRIPTION “OF APPARATUS 
SOLVENT HANDING 
The device for supplying the eluting agent is shown in Fig. 1. ‘The eluting agent 


4 (cyclohexane) is supplied from a l- litre: flask, a. equipped with a bottom off- take os to 


“polar solution (20 per cent. v/v of n ohana Suche in | cyclohexane) is contained in a second 
_ |-litre flask, B, and is continuously supplied to flask A via siphon tube C (2mm i.d.). A 
stirrer in flask A ensures mixing, and a side-tube is provided to prime the siphon by slight 
-- pressure. It has been found that the siphon gives a more linear change in concentration | 
with volume of eluting solution than does the more conventional arrangement of a separating 
funnel mounted on the flask so that the flask remains fulle ss 
When analysing phenolic mixtures it is often desirable to use only pure cyclohexane 
as eluting agent during the early stages of elution. A delay before the siphon begins to 
operate can be achieved by fitting a non-return valve of the type shown at D in Fig. 1. A B10 
air leak is cut off close to the joint, and a 3/16-inch ball-bearing is ground in with emery J 
powder. Final grinding is done with very fine emery, a second identical ball being used, | 
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this ball is used i in the valve. Thev e ons only a positive 
_ head of about 40 mm of the butyl alcohol - - cyclohexane solution, so that the delay before 
the gradient is applied can be adjusted by varying the relative heights of the flasks and the 
It is important t that eluting agent passing to the c column is saturated with the stationary 
phase (water) at the temperature of the column, otherwise each component may give rise 
‘to two partly resolved peaks. When an eluting solution of changing composition is used, 
_ water is added to the more polar solution to the extent of about two- thirds of the amount 
required for saturation. Final adjustments to the water content are then made by passing 
‘the eluting agent through a small pre-column (see Fig. 2) packed with the same stationary 
phase as the analytical column. The eluting solution attains equilibrium by accepting or 


Aqueous samples—Portions is (0 5 to 5 ml) are acidified and then mixed with twice their | 


_ weight of dry 60- to 80-mesh silica gel. The resulting free-flowing powder is put in into” an 
adapter (see Fig. 3) that fits the of the column. 


joint (14 mim) 


Adapter for aqueous samples 
-aqueous samples—Portions (0-5 ml) of ed in a butyl 


alcohol mixture are introduced into the side-limb of the injection device shown in Fig. 4. 
A three-way tap is set to by- ~~ the dane wo limb until the flow has been adjusted. The 


7 i is mm fitted at the top with a B24 poor and at the bottom 
& a B10 cone having a No. 1 sinter below it. This position for the sinter decreases the 
4 space in which fractions of eluate can diffuse. For the analysis of dihydric phenols, the 
tube is packed to a depth of 570 mm with 55 per cent. w/w of water on acid-washed 60- to 
80-mesh silica gel. This system is based on the original work of Blackburn, Barker, Catchpole 

and Hollingworth! and is similar to that used more recently by Barker and inate th?# 

concurrent t with the developments described here. 
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The most ‘method of. the column is to add the proportion 

of water to a stirred slurry of dry silica gel in a large volume of cyclohexane and to continue _ 

the stirring for a short time. The slurry obtained can be packed to form a column santetetied ie ta Wa 


ee _ The chromatographic tube is filled with cyclohexane and connected via a siphon oe 
tube (see Fig. 6) to a 250-ml flask containing about 60 ¢ of the prepared gel in about © 
7 150 ml of cyclohexane. A micro pump cages from the Distillers "a to for — 
is then used to pump c yclohexane into the flask at 


tim 4 


Fig. Column- packing device 


sinter 


an ‘Fig. 5 "Details of column 


filter- “paper, the level of is never allowed to fall below ‘this disc. 


COLLECTION 4 AND MEASUREMENT OF ELUATE— 


_ The eluate from the column passes through a Teflon tu ele (1-5 mm i.d.) to a cell con- 
‘structed as shown in Fig. 7 from silica plates secured with Araldite adhesive ‘ a brass plate 
4mm thick. This assembly fits in the cell-well of a Unicam SP500 spectrophotometer — 
modified for automatic scanning as described by Shrewsbury.‘ In this work, the instrument 
is set at a fixed wavelength (28004), and the percentage transmission is recorded on a 
chart moving at 1 inch per hour. (The cyclohexane used must have a low optical density — 
at all wavelengths accessible to the instrument ; commercial grades must generally be purified 
before use by passage through dry silica gel.) we 10 joint 

From the cell, the eluate passes into a Teflon tube (1-5 mm i.d.) coupled by a B10 joint 
to a flow controller (see Fig. 8). Accurate control is obtained by adjusting the height of — 

a stainless-steel wire (17 s.w.g.) and so varying the restriction to flow imposed by it. It is = 
an advantage to file the wire so that its cross-sectional area is decreased towards its lower tip. 

___ The rate of flow is measured by a simple calibrated flowmeter of the type shown in Fig.9, 

which indicates the hydrostatic head of eluting solution required for a corresponding rate 

of flow through a fixed capillary restriction. The flow is normally in the range 50 to 80ml r 
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4mm thick 


The eluate from the is collected with a Shandon fraction collector 


equipped with fifty 15-ml tubes. This type of fraction collector has a scoop that will take 
the eluate to waste if the mains electricity supply is interrupted, and use is made of this by 
controlling the mains input in two ways. A time switch stops and starts the collection, 
and a Simmerstat working on a time cycle of just over 1 minute will direct a fixed proportion 
of | = eluate to waste. This means that a known proportion of each ee can be 
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1961) - LIQU ID PARTITION CHROMATOGRAPHY 
“collected during a long run without exceeding the volumetric capacity y of ei Aneta collector. _ 


Used in conjunction, the two controls permit complete collection of part of the eluate and» 


As the spectrophotometer i is used for « other p purposes ‘nai the day, it has been con- 
venient to operate the column overnight as described > Poe, Sn 
_ During the day, the pre-column is re-packed, and butyl alcohol is washed from the 
analytical column with about 500 ml of purified cyclohexane ; the rate of flow may be as high _ 
| as 200 to 300 ml per hour and no air pressure is required. The flow is then adjusted to about ae 
70 ml per hour, and, during the last half-hour of the afternoon, the recorder is started, set 
| to zero for dark current and then set at about 90 per cent. transmission at 2800 A with a slit — 
| width of 0-45mm. The sample is introduced, the fraction collector is switched on, and the 
| gradient siphon is primed (both flasks being full). . The apparatus is then left without attention — 


In or to the procedure, the trace for a prepared mixture is shown in Fig. 
the ouuh of individual phenols present being in the range0-2to2mg. 
It has been found that the butyl alcohol is not eluted evenly, but builds up on the column 
and, during the run, suddenly “breaks through” at a concentration of just over 1 per cent. — 
At this point on the trace a spurious peak occurs, the nature of which is not known. It may 
: be produced by traces of a adsorbed on the silica gel and os cere as a sharp 


ection, The amount of a component in a peak is | given by. the 


4 


sent, mg = 


in which kis aco isa constant, A is the maximum height of the peak expressed a as an optical density, — 

t is the time in hours for the elution of the peak (the intercept along the base-line between 

the tangents to the sides of the peak), q is the rate of flow in millilitres per hour, E is the 
§ extinction coefficient (Ej%) at the wavelength used and 1 is the thickness of the cell in 
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resorcinol 


4- Methylcatechol 


3- “Methyleatecho! Phenol he and p- 
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Transmission, % 
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3a By calibration with prepared mixtures, the value of k was found to be about 5-7. For 


a true Gaussian peak,® k should be equal to 6-27; the lower value is a purely empirical factor, 
_ which takes account of the flow conditions in the cell. In practice, it is convenient to tabulate 


-” of k/El for the series of compounds to be determined, and the values used at 28004 
for some common phenols ate in TableI. 


ABLE. 


Phenol at mg per ml Phenol = mg perml 
3,4-Xylenol .. } -Resorcinol .. 


= 
As an alternative « ultra-violet analysis of collected fractions is 
slower, but slightly more accurate; it is essential when the identity of a peak is in doubt. 
In applying methods of quantitative analysis (especially by measurement of areas) it 
is important to allow for the polarity of the solvent used. The presence of butyl alcohol 
is likely to produce a considerable change in the epectrvm of a phenol in whipieient and 


FOUND FOR PREPARED ‘MIXTURES 


Mixture No. 1 is that for which the trace is shown in Fig. 10. _ Average values 
for used in the two instances when the ‘components 


Total amount of collected 


component ultra-violet measurement ultra-violet measurement 
Component present, analysis, rese at analysis, of area | 

Mixture No. 1— 

and p-Cresols 
Phenol 

0-34 
Catechol 2-00 
and 5-Methyl- 

resorcinols 


Resoscinel 
Quinol 
‘Total: 


4 -Methyicatechol 
Catechol. 

‘ 


5-Methylresorcinol 


Av 
| a 
th 

OF, 

<3 

t! 

b 
= a t 

0-46 0-49 0-50 863 
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_ For § will therefore affect the extinction coefficient at the wavelength w a during the run. The 
factor, § extinction coefficient of the component in the correct solvent must always be used. me 


_ Quantitative results for two prepared mixtures are shown in Table II to indicate the _ 
accuracy tobe expected fromthe method. 


| thank the Directors of the Midland Tar Distillers Ltd. for ] permission to publish this 
paper and Mr. D. D. Shrewsbury for designing and constructing the cell and carrying out * xe 
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Thin-layer ‘Chromatography ‘a 


ions is By J. H. DHONT anp C. pe ROO 
oubt. 
eas) it (Central Institute for Nu Nutri ition and Food Research T.N.O., Utrecht, The Netherlands) 
ne and a The behaviour of some 3,5-dinitrobenzoates on chrotnatoplates has been 
Pay studied; the Ry values are compared with the Rg values found by measuring Fs 
the locations of the compounds against that of a standard substance. 
ae ae rocedure is described for preparing the dinitrobenzoates of cee come 
preparing 
pounds present in very dilute solutions, 
es law method is suitable for detecting small amounts of these compounds 
its in water and in the presence of large amounts of methanol or ethanol. Smail " 
Wee oi ‘bes amounts of the dinitrobenzoates can be purified, since the esters can easily — 
ibe se separated from the excess ot unchanged reagent. ot. 
study of steam-volatile alcohols phenols in foods, a simple and rapid was 


id by fequired for separating and purifying certain 3,5-dinitrobenzoates prepared by reaction of 
rement § the hydroxyl compounds with 3,5-dinitrobenzoyl chloride. Results obtained in the separation — 
of 2,4-dinitrophenylhydrazones! prompted us us to to investigate tl the some dinitro- 


Chromatoplates were prepared, as described previously,) by using Stahl’s apparatus,? 
gw with silica gel G (obtainable from E. Merck A.G.) as adsorbent. _ The plates were activated — 
before use by heating them at 110° to 120° C for 15 minutes. After the plates had been allowed — 
to cool on a large plate of glass for 5 minutes, spots (usually 5 to 10 pl) of the solutions being 
investigated were placed on them, and the treated plates were put into a tank fordevelopment 
| within 10 minutes after removal from the heated cabinet. The at mosphere in the tank was = 7 
— aa with the vapour of the developing solvent by covering the sae of the tank 
with strips of filter-paper dipping i he solvent. Dan 
AN weighed amount of the alcohol or r phenol was vimenuin in a small round-bottomed flask, 
slightly more than the calculated amount of 3,5-dinitrobenzoyl chloride and then 10 ml of 
benzene and 0-1 ml of dry pyridine were added, and the contents of the flask were heated — 
under reflux for 30 minutes to 1 hour. When cool, _ the reaction mixture was extracted with . 
25 5 ml of O1 ‘N sulphuric acid, then with of a a 5 to 1 per cent. cent. solution of sodium 
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oubinnte: and ‘sila: with water. The aqueous layers. were discarded, and the benzene 
was.evaporated to dryness under reduced pressure in a bath of boiling water. The 
-Tesidue was covered with a few millilitres of benzene, so that a saturated solution of the ester 
__ Solutions of the esters in methanol were not stable; after some time, these produced a 
- second spot on the chromatogram, in the position of that formed by the 3,5-dinitrobenzoate 
of methanol. The unchanged dinitrobenzoyl chloride is converted into dinitrobenzoic acid. 
_ However, it is not necessary to remove this acid by extraction with sodium carbonate solution, 
as ‘it remains at the start in the solvents used for developing the chromatograms. von 


The solvent systems tested included a (lL + 1) mixture « of benzene » and light petroleum 
(boiling range 60° to 80° C), hexane containing 15 or 25 per cent. of ethyl acetate and toluene 


containing 10 | aes cent. of ethyl acetate. The results for the 3,5-dinitrobenzoates of normal | 


Number of carbon atoms in chain > 


‘Big. 1. R, values for 3,5-dinitrobenzoates of aliphatic 7 


alcohols as a function of chain length: curve A, benzene -— 
light petroleum mixture (1 + 1) as solvent; curve B, 
toluene containing 10 per cent. of ethyl acetate as 


solvent; curve C, hexane containing 15 per cent. of ethyl 


aliphatic alcohols when these systems were used are / summarised in Fig. 1. _ The system 
giving the best results was the benzene - light petroleum mixture, and this was hee erin 


Daring our work on the thine of 2,4-dinitrophenylhydrazones, | 

we found that Rp values were dependent on the distance travelled by | the solvent front, | 


and we defined’ the Rg value by the expression— _ a 


ey also recently recommended the use of a standard substance for measuring the 


The Rp and Rr values for the dinitrobenzoates of methanol and hexanol were measured 
7 under different conditions; two adsorbents were used, Merck’s silica gel G and silica gel 
obtained from Mallinckrodt. The latter adsorbent was prepared by mixing 25 g of Mallinc- 


_ krodt’s silica gel with 5g of gypsum in a mortar and then adding 60 ml of distilled water. 
_— this slurry, chromatoplates were prepared in the way described for silica gel G.} be. 
__ Table I shows the results of a series of experiments in which the Rg and Rr values for 
the 3,5-dinitrobenzoate of hexanol were compared. The largest difference between Rr values 

7 was 30-1, per cent. and that between Rg values was 18: 6 per cent. The results for the 3,5-di- 
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values being 50-0 and ectively. For this reason, we use values 


in preference to Ry values for defining the positions of the compounds on the chromatograms. 
_ The Rg values of the aliphatic alcohols can be seen from Fig. 1, and those for some 
other hydroxyl compounds are listed in Table It. 


este 
, t AND Rr VALUES — THE 3,5- DINITROBENZOATE OF HEX 
‘Time of solvent front Number deviation 
tion 
u jee activation, from start, Mean Re of Rp Mean Ry of Rp 
Silica gel used minutes re experiments value value value value 
Mallinckrodt .. 5 0-405 012 28 0-023 
TABLE II 


B value Compound, d, as 3 3,5 Sinitrobensoate ‘Rs 


Compound, as 3,5- 
Thymol 
o-Cresol J = a Terpineol 
it was difficult to prepare the derivatives directly. Although some success was achieved ae 3 


by using Holley and Holley’s method,‘ in extremely dilute aqueous solutions this method 


was not very sensitive y me was especially difficult to prepare the dinitrobenzoates of phenolic 
A large excess of ethanol is often present in steam- distillates from foods; in 1 such distillates _ 
the minor components are completely masked. However, results were satisfactory when 
these distillates were extracted two or three times with small amounts of pentane, methanol 
and ethanol then remaining almost completely in the aqueous layer; even small amounts of © 


nee higher alcohols and phenols were easily extracted. 
conan | The pentane extract was dried over anhydrous sodium sulphate for some hours, and 

then decanted into an Erlenmeyer flask containing 10 to 20 ml of benzene, 0-5 g of 3,5- dinitro- 
cial benzoyl chloride and 1 to 2 ml of dry pyridine. The mixture was heated under reflux for 


t front, $30 minutes to 1 hour and, when cool, was extracted successiv ely \ with 25-ml portions of 0-1 N- le: ; 
q | | sulphuric acid, a 5 per cent. solution of sodium carbonate and water. The organic layer was 

J then evaporated to dryness under slightly reduced pressure in a bath of hot water. To the 

us Om dry residue were added 2 to 4 ml of benzene, 5 to 10 pl of this saturated solution were placed 


: ae on an activated plate, and the dinitrobenzoates were separated by development in (1 + 1) 
ing the | benzene - light petroleum mixture. The developed chromatogram was sprayed with a 1 per 
ea cent. solution of 1-naphthylamine in ethanol; the benzoates then 1 became visible as as yellow 


Fig. 2 shows obtained with mixtures of known composition; 
lnec for | 3:5-dinitrobenzoic acid, which may be present in relatively large amounts, does not affect — 
the separation, as it remains at the start when the benzene - light petroleum solvent is used. _ 
_ Since, for separation, Rg values must differ by at least 0-3 to 0-4, the method is clearly _ 


unsuitable for separating the s snenabers of homologous series of alcohols or phenols. Ho mint 5 


very small amounts of higher alcohols in ethanol can easily be detected. — Small an 
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‘eo _ ia Fig. 2. Detection « of octanol and thymol 
sin presence of a large excess of ethanol: (a) — 
q chromatogram for mixture of 100 mg of 
octanol and 100 ml of 10 per cent. ethanol; 
a (b) chromatogram for mixture of 1 litre of 
SS 1 ml of ethanol and 5 mg of thymol. © 
= 3,5-dinitrobenzoic acid; B= ethanol; 


of the 3,5-dinitrobenzoates can even be separated from large amounts of the unchanged 
7 acid for ‘melting- point determinations, saponification, etc. The esters can be hydrolysed, 
- and the original hydroxyl compounds can then be subjected to other chromatographic methods 
_ortochemical procedures; 
The locations of the spots are most ‘suitably measured | by comparison with a standard 
substance, as Rp are influenced by many factors in this kind of adsorption 
chromatography. 
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An investigation of various aspects of the determination of zinc in agri 
cultural materials by atomic-absorption spectrophotometry is described. 
Satisfactory recoveries for zinc were obtained from fertilisers, soils, soil 
extracts and plants. The method is rapid and accurate, and with the appara- 
tus used the limit of sensitivity is 0-025 p.p.m. of zinc. Coefficients of ; 
- Sptiation of 2to 3 per cent. are obtained over the range 0-3 to 8-0 p.p.m. ped 
of zinc | 
THE use of atomic- -absorption | spectrophotometry for determining zinc in plant ‘material was 
described by David,? who found that no interference was caused by the other elements fj 
_ present in in plants and considered that the technique was superior to chemical and aia 
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methods for element Jones? the successful 


application of atomic-absorption spectrophotometry to the determination of zinc in a variety eee a. 
of metallurgical materials. They investigated many elements for interference effects a 

found that only silicon caused depression of absorption. In this laboratory, atomic absorption - 
has been successfully used for the past 3 years for the routine determination « of z zincina 


variety of agricultural materials, and the results are presented in this paper. met “aOR Mh 


‘The; general arrangement of the a apparatus ; and the method of measurement were described _ 
previously for the determination of magnesium.’ Two types of hollow-cathode lamp have 
been used. One (kindly supplied by Mr. A. Walsh, C.S.I.R.O., Melbourne, Australia) had — 
a zinc cathode and was operated at a current of about 10 to 12 mA; the other (obtained from — 
Hilger & & wae ts Ltd. saat had a trams cathode a a" was as operated at about 40 ba mA : 


oly Fig. 1. Absorption for zinc measured at 2138-6 a 
curve A, in in solution; curve B, in cent. 


maximum intensity was attained. Both sm gave results similar in sensitivity and repro- 
ducibility, but that having the brass cathode had the longer life. The operating currents — 7 | 
used were the minimum necessary to ensure that full-scale readings were attainable, — 


| burner used a flame 12 cm in length and has been described by Clinton‘; 
the atomiser was of the Lundegardh type, modified to aspirate solutions directly from a beaker. a 


The zinc line at 2138-6 A was used for all measurements, this being the only line i in the zinc e 
The sensitivity attainable with this equipment when aqueous solutions were conan 
into an air - acetylene flame is shown by curve A in Fig. 1. | Linearity and sensitivity depend 
to some extent on the particular lamp used, and this curve is an approximate average of 
results obtained over 3 years, which in the extremes gave transmissions of 20 per cent. for 
3and 7 p.p.m. of zinc. The sensitivity is about four times that reported by Gidley and Jones 


and about ten times that ws pe by David, and, although most of this increase in 7 ae t 


o atoms is 
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“ALLAN: THE DETERMINATION OF ZINC IN AGRICULTURAL 86 
The effect of s spraying an. an organic ‘rather than an aqueous ; solution has been ¢ pawn 
in detail elsewhere. Curves B and C in Fig. 1 were plotted from the results obtained with | 
solutions made up in 40 per cent. acetone and isobutyl methyl ketone, respectively. — Am. 
- monium pyrrollidine dithiocarbamate was used to form a complex with the zinc before 
7 extraction into the latter solvent, as this complex is readily soluble in esters and ketones, 
which are particularly suitable for spraying into flames. 
_ The effect of pH on the extraction has been investigated. Toa 10-ml portion of each 
va of a series of sodium acetate - hydrochloric acid solutions, containing from 1 to 20 yg of zinc, 
[4 were added 1 ml of a 1 per cent. aqueous solution of amonium pyrrollidine dithiocarbamate 
and 10 ml of isobutyl methyl ketone. The mixture was shaken, and, after the layers had 
4 separated, the zinc content of each layer was determined. The percentages of zinc extracted 
into the organic layer from solutions of pH 1-5, 2-1 and 2-5 to 5-0 were, respectively, 67, 95 
_ Somewhat surprisingly, it was found that the organic solvents used (isobutyl methyl 
ketone, ethyl pentyl ketone and ethyl acetate) frequently contained traces of zinc; however, 
these solvents could readily be purified by with 2 cent. hydrochloric aci acid. 
Reproducibility was determined by measles ‘measuring the nies of a series 
of solutions containing 0-4, 1-6, 4-0 and 8-0 p.p.m. of zinc. _ At these concentrations, the 
coefficients of variation of the apparent zinc content, calculated from twenty- one sets of 
measurements, were 3-1, 2-5, 1-8 and 3-0 per cent., respectively, 
With adequate control over hollow-cathode current, photomultiplier voltage, air pressure 
and flow of gas, reproducibility depends largely on the stability of the hollow-cathode lamp. 
In my experience, the above results are fairly average; on occasions, better have been obtained, 
a 7 and, with some lamps, worse. That Gidley and Jones obtained a coefficient of variation 


_of 3-5 per cent. after integration for 30 seconds reflects the fact that at present not all shollow- 
cathode are equally good. 


= 


7 ‘the determination of zinc has been of the le Likewise, ‘to tet from the results in Table I] 
_(p. 533), none of the elements present in soil or fertiliser solutions causes any interference, 
: provided always that the total concentration of salt and acid is not sufficiently great to alter 


the physical apres of oe solution to an —- such that atomisation is affected. The 


I 
EFFECTS OF D DIFFERENT ACIDS “ON ZINC 
ot _Galvanometer readin ng for s solution 


100 
88-3. 


-plant- -digest : solutions used contained about 2 ml of 72 per cent. perchloric acid in 20 wl of 
_ solution; this was sufficient to cause results for zinc to be low by some 5 to 7 per cent. unless 
standards containing approximately the same amount of acid were used. S| 
The effects of various acids on measurement of the zinc absorption were tested by using 
__ aseries of solutions containing up to 6 p.p.m. of zinc, prepared in 0-5 nN hydrochloric, sulphuric, 
_—nitri and perchloric acids. For these experiments the apparatus was set to give 100 per cent. § 
4 transmission when distilled water was sprayed into the flame. The results obtained with 
_an air - acetylene flame are shown in Table I, from which it can be seen that no acid itself 
= caused any absorption and that, within the experimental error of reading the galvanometer, 
zinc ee * was the same in as four acids. Similar results were obtained with air - 
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acids were ~osen into the flame and interfered with measurement of zinc absorption led to 
- experiments in which it was established that the presence of hydrochloric acid caused no — 
_ Am- §) difference in the absorption at 2138 A under a wide variety of flame conditions and in i 
before § of a number of compounds that could conceivably occur in flames in some circumstances. 
tones, § It was concluded that Gidley and Jones’s results were caused by contamination from a brass 
__. burner giving rise to the zinc line at 2138 a and the copper lines at 2165, 2178 and 2183 oa 
f each § which have been shown® to absorb strongly. This conclusion was reached by Gidley and : 
zinc, Jones ini a Note’ that appeared after this paper had been submitted. 
rs had ANALYTICAL APPLICATIONS 
racted The methods used and the results obtained for the determination “of zi zinc in various 
67, 9 agricultural materials are briefly described — 
wever suitable weight of sample was boiled with 3.N N hydrochloric acid, the solution was 
d. gev aporated to dryness, the residue was dissolved in 0-5 N hydrochloric acid, and this solution — 
~% was diluted to 100 ml. Recoveries and results for different weights of sample are 


1 with 


series 


sets of ZINC FOUND IN FERTILISERS AND sou EXTRACT he, 


erence, 


Og 
Og 


| § ml diluted to 10 — 10-4 $ Average 10-5 


| 


Proprietary fertiliser consisting of lime, superphosphate, and small amounts 
various salts, including zinc sulphate. 
Low result probably due to in of atomiser. 


Various amounts of soil were digested with nitric and perchloric silica was 
with hydrofluoric acid, and the solution was evaporated to dryness; the residue was dissolved cn 
in 5 per cent. perchloric acid, and the solution was diluted to 50 ml. Results for soils are _ 
gent also shown in Table II. ‘The low result for the most concentrated solution was probably 
er | caused by a decrease in the efficiency of the atomiser owing to the high salt content. A similar 

effect occurred when these solutions w were vere analysed f for copper by the same me method. . Forn most 


+ po - | Ad -g sample of a peat soil was shaken with 20 ml ‘ae a ad: per cent. aqueous solution of © 


disodium ethylenediaminetetra-acetate (a commonly used extractant for “available” zinc) 
for 2 hours, and the mixture was then filtered. Various aliquots of the filtrate were diluted 
to 10 ml, and the solutions were analysed for zinc; standards made up with 0- 1N hydrochloric 

acid were used. The results are also shown in Table II. we ree 
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a" , ‘Tripliense oni of various sizes were digested with 20 ml of a nitric - - perchloric acid 
mixture (17 ml of concentrated nitric acid and 3 ml of 72 per cent. perchloric acid). — After 
the solutions had cleared, each was concentrated to about 2 ml, transferred to a 20-ml cali- 
4 brated flask, diluted to the mark with water and filtered. _ The filtrates were analysed for 
_ zinc, standards made up in 10 per cent. perchloric acid being used. _ The results are shown 
in Table III; each represents a single determination, and sample heterogeneity and Cane 


ZINC FOUND IN APPLE AND GRASS 
‘Semple sample taken, added found per g of oven-dried Si. 
, 29 (m 
(mean 3- 07} 
7-9 (mean 7-7 expected 8) 
40-0 (mean 40-3) 
9-5 (mean 39-8) Average 39- 9 ist : 
183 (mean 77-6; expected 7 77-4 4) 


‘The determination of zinc by atomic- spectrophotometry conmspares more more 


‘than fav ourably with other methods in simplicity, speed, reproducibility and accuracy. 
In a recent review of chemical methods for determining trace amounts of zinc, Margerum and 


the. 
Apple 


Santacana® stated that their preferred method had an operating range of 3- 3 (coefficient of J 
6-1 per to 32-7 of zinc (coefficient of variation 1-93 per _ The 


technique the fo adn sensitiv ity. was 0-04 He of zinc, and reliable determinations were 
possible on samples containing 0-3 yg of zinc. 


___ In the proposed method, the limit of sensitivity (99 iia transmission) for an aqueous 


 sahatlen is 0-025 p.p.m. of zinc, which, when 2 ml of solution are used for a determination, 
amounts to 0-05 wg, and determinations of reasonable accuracy (coefficient of variation of, 
say, 5 per cent.) can be carried out on a solution containing 0-2 p.p. m. of zinc, i.e., 0-4 pg 
per 2ml. When it is convenient to extract the zinc into an organic solvent, , these figures 
are decreased to about one-fifth. 
_, thank Miss V. 0. Marnie W right for a rimental wit analy tical 
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Microw by the Zone- ‘Strip Technique 


bar Department, Faciulty of Science, Ain Abbassiah, Cairo, Egypt) 


wq ‘og (Biology Department, High Training College, “Heliopolis , Egypt) 


(National Research Centre, Cairo, 0, Egypt) 


The application of solution in a sone yne across a narrow strip of 
* graphy paper restricts the width of the loaded area on the developed strip. a = 


The length of the developed zone is proportional to the logarithm of the 
zone content, but this relationship holds only below a certain maximum 
concentration, depending on the nature of the compound. Calibration 
graphs were plotted from the results for analytical-reagent grade compounds. 
The graphs obtained for several compounds were adequate for assaying 5 
solutions containing 1 mg of the compound per mat _ The technique may be val nm 
particular value for analysing biological fluids. | 
THE use of paper chromatography for micro-quantitative analysis has not yet attained “a 
high degree of accuracy. Fisher, Parsons and Morison! reported that the area of a round © 
or ovoid spot increased with the logarithm of the spot content. For ovoid regular spots, — 
the length is proportional to the logarithm of the spot content.? Brown and Marsh? increased 
~ || the sensitivity of evaluating low concentrations of light- -absorbing materials on paper-strip— 
th this chromatograms by using a special attachment designed for use with a monochromator 


S were incorporating a stabilised light % 


because of this, we applied solutions i in zones 2 mm wide near the tops of strips 0-5 cm wide. ‘= 
When these strips were developed, the width of a loaded area was restricted to 0-5 cm and 
its length was influenced by the content of the zone; graphs of length of zone against logarithm | 


The pure standard antibiotics ‘used were generously offered by Pfizer & Co. Inc., U. S. A., 
Leo Pharmaceutical Products Trading Ltd., Denmark, Imperial Chemical Industries Ltd. , 
and the Medical Research Council (International Standard penicillins), England. The rest 
of the compounds used were of analytical-reagent grade and were obtained from the British - 
Drug Hou: Houses Ltd. from E. Merck A.G., Darmstadt, Germany. eorria Ay 


CHROMATOGRAPHY ¢ OF PENICILLINS AND TETRACYCLINES— 


| _ For assaying the different penicillins (G, V, K, X, F and dihydro- F), sheets of W Whatman — 

No. 1 chromatography paper were soaked in a 30 per cent. solution of phosphate buffer — 

| (pH 6-2) and then cut longitudinally into strips 0-5 cm wide. Results were more accurate _ 

| when narrower strips were used, but such strips were difficult to manipulate. At 8cm 

| from the end of each strip, two pencil lines were drawn 2 mm apart; the area between the 

| two lines was found to absorb 0-00075 ml of liquid when a fine capillary tube was passed — i 
‘over it. _ Diethyl ether saturated with water was used as mobile phase, and saturation of the 
atmosphere in the chromatographic tank with ether and water vapours resulted in improved © 
resolution of the different penicillins. _ The mobile phase was allowed to descend through the 7 
strips for 40 cm, and the strips were then remov ed, dried and subjected to any of the six +e 


‘They were sprayed with an 2 per cent. solution of ferric chlork 
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(itt) with the and to ultra-violet 
(tv) The strips after treatment (7) were washed in a stream of tap-water until free from 
a excess of the ferric salt, dried and then sprayed with a 20 per cent. solution | of 


potassium ferrocyanide or with a 2 2 per cent. . solution of sodium thiocyanate. 4 . 


—@) They were sprayed with < a 1 per cent. solution of potassium permanganate. 
They were sprayed with an ‘ammoniacal solution of silver ‘nitrate and then set 
fii aside for 6 hours at 60° C 


_ The strips used for assaying the different tetracyclines were soaked in a 20 per cent. 


‘solution of phosphate buffer (pH 3-5) and dried in air, and the solutions were applied to 
_2-mm zones; the strips were then developed with ethyl acetate or iene butyl ae. 
— 


a. 
: Rep eproduction of strips loaded with penicillins Gand F and treated 


of iodine, ferric chloride and potassium ferrocyanide and (b) 
of iodine and starch. left-hand strip of each pair is undeveloped 


sed strips were spra with a a 1 per cent. solution of alkaline rman-§ 
pray pe po pert 


~ ganate or, preferably, a 4 per cent. solution of sodium hydroxide and then subjected to} 


ultraviolet Hight | 


For comparison, antibiotics were also assayed by biological ‘methods. The procedure 
med for the penicillins was a slightly modified version of that described by Goodall and Levi! 

The lengths of the zones on developed strips were me measured with a travelling microscope. 


4 - Sugars, amino acids, ascorbic and other or organic acids and adrenalin were assayed on 

unbuffered strips of paper, with a butyl alcohol - acetic acid - water mixture (4:1:5) as 
Pp pap y 


dev veloping solvent. The loaded zones were made visible by spraying them with ethanolic 


Leg (weight of penicillin K, 
Fig. 3. Graph showing relationship between length an 
“logarithm of content of zone containing penicillin K 
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August, ANALYSIS BY THE ZONE - - STRIP. TECHNIQUE 


solutions of ninhydrin (for amino acids) or - -bromophenol (for ot Z i 
sugars, Harris and MacWilliam’s® diphenylamine - aniline - phosphoric acid - water el 
was used. Aqueous solutions of 2,6-dichlorophenol endophenol and ferric chloride were us 
to define the areas containing ascorbic acid and hacmsvasaete-eaianiban ill 
RESULTS AND DISCUSSION OF THE METHOD 
+The different reagents applied to the strips containing penicillins 
contrasts (see Figs. 1 and 2), and results were in good agreement with those found by rehomed q 
Table I shows the effects produced by the various reagents. The relationship between length — L 
and logarithm of content of zone for penicillin K is shown in Fig.3. = = 
__ We favour treatment of the penicillin-loaded strips with iodine solution, ferric chloride = 
solution and then ultra-violet light; this gives an obvious colour contrast, and the zones — a. 
have sharp edges. Application of ferrocyanide solution preserves the colour contrast for & 
several months. This procedure can be successfully applied to solutions of penicillin-producing _ 
moulds, even in presence of some natural products, ¢.g., corn-steep liquor or molasses. 


sed 


Length, cm 


‘Fig. A, aconitic acid; curve B, 


(weight of sugar, vg). 


we whe Curve A, fractose; curve 
‘Fig. 6. Curve A, succinic nic acid; curveB, ‘maltose; Sucrose; curve 


> 


Fig. 8. "Curve A, ‘adrenalin; urve owe 9. Curve A, chlortetracycline; curve B, 
B, ascorbic acid oxytetracycline; curve C, tetracycline 
Wigs. 4009 4to 9. Graphs. showing relationships}between lengths and contents of zones containing various 
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CoLours PRODUCED WITH ITH "PENICILLINS BY DIFFERENT REAGENTS 
Treatment _ Colour of penicillin-loaded zone izone Colour of | unloaded om 
Buff, with hard texture White or pale buff 


White or pale re 
‘ t Sprayed with potassium ferrocyanide solution. 
The produced when developed strips containing other compounds are sprayed 
a with | different reagents are listed in Table II, and the relationships between length a and 


_ logarithm of content of zone for these compounds are shown in Figs. 4 to 9. a 


Tape 
COLOURS PRODUCED WITH — COMPOUNDS 
Spray reagent loaded zone unloaded area 
Amino acids Ninhydrin i White or pale r red 
Organic acids p- Bromophenol 
 Maltose Diphenylamine, aniline and Blue at 


Blue or violet 


_Greyorblue 


Ascorbic .. 2,6- Dichlorophenol endophenol White | == "Pink or 


» 

ultra- 

The linear g graphs s relating of zone to ‘logarithm of zone content are adequate 
for determining concentrations of about 1 mg of the compounds per ml of solution. The 


-maximum errors calculated when these graphs were used for assaying penicillins, tetracyclines, 
7 organic acids, amino acids, sugars, —_——— and ascorbic acid were 2-2, 1-6, 1-1, 1-7, 2:8, 


13 and 2-4 percent. respectively, | 
_ For each of the compounds tested, there is a maximum weight below which the relation- | 
ship between length of zone and logarithm of zone content is linear; above this level, such | 


a relationship does not exist. Within a narrow range of concentrations linear graphs relating 


4 length of zone and zone content could be obtained. Such graphs were excellent for assaying 
_the compounds tested, but were of limited application. Further work on the various aaa 
in fluencing: this technique and its applications is in progress. 
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1961) 
MICRO-DETERMINATION OF F CARBON AND HYDROGEN 1 


FLUORINE-CONTAINING ORGANIC COMPOUNDS 


WHEN fluorine-containing compounds are analysed their carbon and hydrogen contents, 


special precautions must be taken to avoid errors arising from the presence of fluoride ion. phi Low © 
values can be obtained for the carbon contents of fluorocarbons because they resist decomposition, q a 
owing to the stability of the fluorine - carbon bond. Generally, results are high because some 
Bcilicon tetrafluoride is formed by interaction between the fluoride ions and the silica of the com- 
# bustion tube; this tetrafluoride is retained by the absorbent in the carbon dioxide absorption tube. 
These observations are related to slow-combustion methods, in which combustion is carried out 3 
with oxygen flowing at 4 to 10 ml per minute and the products of decomposition pass through & 
layers of copper oxide or are in contact with a catalytic surface and silver in the hot zone of the 
constituents of ‘he products of oxidation of fluorine- containing compounds are not 
| = | known exactly, but it is reasonable to assume that elemental fluorine i is the initial product. ie p 
io assumption is based on the fact that the theoretical amount of elemental chlorine is obtained a 
when a chlorine-containing compound is decomposed by combustion in a fast stream of oxygen > 
inan empty tube. Similarly, bromine is the main product from a bromine-containing aren 
and certainly only iodine is obtained from combustion of an iodine-containing substance. Some 
hydrofluoric acid must also be produced to account for the formation of silicon tetrafluoride. This 
reaction can be quantitative, as shown by Milner*® and Clark,’ who have used the reaction to_ 
letermine fluorine by absorption of the terafluoride in water and subsequent titration of the - 
hydrofluoric acid produced. Under normal conditions of combustion, some of the silicon | tetra- Ss 
fuoride is decomposed and silica is deposited in the combustion tube, as found by Belcher and tens 
Goulden,* who have studied the determination of carbon | and hydrogen in fluorine- containing | “y 
compounds. The elemental fluorine and its hydride will then be retained by the hot silver forming _ - 
part of the combustion-tube filling, 
_ Belcher and Gouldent retained the silicon tetrafluoride by means of sodium fluoride heated 4) 
to 270° C, the reagent being packed in the ‘‘beak’’ end of the combustion tube. The hot zone 
contained a roll of platinum foil maintained at 800°C. Granulated magnesium oxide was used — 


let i in 


| 


uate 

; ‘ The by Throckmorton and Hutton, who replaced part of the copper oxide packing at the front end 
yclines of the tube with a 35- to 40-mm layer of the reagent; the temperature of the hot zone was 775° ¢ a 
7. 2-8 [Fluorocarbons _chlorofluorocarbons were analysed Ww without trouble, whereas Belcher and 


fobs: Goulden found it necessary to mix samples of fluorocarbons \ Ww with a known weight ofa hydrogen- 
lation- |°ontaining organic compound, e.g., benzoic acid. The carbon content of the sample was calculated _ 
1, such Jy deducting the theoretical amount of carbon derived from the weight of the additive. _ Mag- 

: elating nesium oxide has also been recommended by McCoy and Bastin,* who placed a 50-mm layer | of the - 
ssaying reagent at each end of the copper oxide layer, which was heated at 900°C. Rush, Cruikshank 


and Rhodes,’ however, found that the magnesium oxide became inactive after a few reli ol ‘ 
and this they attributed to — heating or exhaustion of the These wor kers- 


factors 


the zone, where the temperature v was about 450° Lead dioxide at 180° C was 
also included in the tube filling to retain oxides of nitrogen arising from the combustion of nitrogen- — 
_ It appears from the observations of several workers that, for fluorocarbons, little of the sample - 
is decomposed during the initial stages of the combustion. Most of the sample is vaporised and 
pa virtually unchanged into bang hot zone, where — or partial decomposition occurs, © 


(either in its oxidative capacity or catalytic fiat) or on its affinity for fluorine ions. McCoy ron 
and Bastin,* for example, found that values for carbon were less accurate (+0-5 per cent.), but — 
Macdonald® found that, when a platinum catalyst was used in place of the copper oxide, results 
had the required accuracy (within +0-3 per cent.). The presence of water, even in trace amounts, — 
has a pronounced effect on the course of combustion of fluorocarbons. F re 


and Weiblen® have extended the silicon tetrafluoride method of determining fluorine to include 
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determination of carbon. For ‘this, used a the with layers of quartz 
chips and platinum gauze, which was maintained at about 1200°C; moist oxygen was passed 


through the tube at 25ml per minute. 


Application of Belcher and Ingram’s’ rapid-combustion method has only recently been 
des to the determination of fluorine-containing compounds. Wood"! has shown that fluoro- 
- organic compounds (fluorocarbons were not tested) could be analysed within the accepted limits of § 


_ accuracy by using the method developed by Belcher and Goulden‘ (absorption of the silicon tetra- of a 
fluoride by means of sodium fluoride). The reagent v was placed in a tube attached to the exit fii 
of the baffle-chamber combustion tube and heated to 270°C. The combustion tube contained § 
the customary plug of quartz wool and roll of silver gauze. OF 

_ Some years ago, I had to determine the carbon contents of some specimens of polytetra- The 
fluoroethylene. _ The determinations were carried out by the rapid-combustion method,” and it the 
was found that the values for carbon were within the accepted limits of accuracy, and the hydrogen ce 
contents, which should have been negative, were not more than 0-1 per cent. No special pre- 2 i 
cautions were taken to remove fluorine, other than by the roll of silver gauze normally present § 7.1 
in the exit part of the combustion tube. Rush, Cruikshank and Rhodes’? reported that when bela 
-polytetrafluoromethane wa was analysed by the conventional combustion procedure, correct values tube 


for carbon were obtained, suggesting that the fluorine was completely retained by the silver 
packing. In view of these separate observations, further experiments have been carried out 
to determine the fate of the halogen when other fluorine-containing compounds are analysed by 
the rapid-combustion method. It has not been possible to study the efficiency of the rapid 
method for Suescentbonn , Owing to the lack of suitable test compounds of the type known to 


The combustion experiments were carried out at with a modified version of Belcher and nae s 
ro rapid- -combustion unit. _ _ The baffle-chamber combustion tube was mounted horizontally, and the 


; combustion heater was a small electrically heated furnace, 65mm in length, which was moved wa! 
forward by a motor-driven mechanism. The speed of travel was controlled by means of coarse 
: «d and fine resistors in the motor circuit, and manual movement of the furance was simulated by § 4,, 


controlling the motor current with an energy regulator (Sunvic TYC). _ This arrangement permitted | 

a wide range of combustion times. In this work, the speed of the heater 1 ‘was adjusted to give 

a 5-mm movement in 5 seconds, and the stationary time was 22-5 seconds; the sample boat was 

- 40mm from the main furnace. _ The total time of combustion was 8 minutes, and, when the 
- heater had reached the main furnace, it was left in position for a further 7 minutes, during which 
_combustion was completed and the products formed were swept out. The flow of oxygen was 

50 ml per minute. In the various experiments described below, the inlet of the baffle chamber 

¥ contained the customary plug of quartz wool, and the chamber was maintained at 900° + 20°C. 
The water and carbon dioxide were collected in Flaschentrager absorption tubes packed with 
abe reagents; when nitrogen-containing compounds were examined, an | absorber!° containing 


manganese dioxide w was connected between the two absorption tubes to retain the oxides of nitrogen 


RETENTION 0 FLUORINE BY wees . 
Weighed samples (3 to 4 mg) of trifluoromethylbenzoic acid were eer y in =n apparatus, 

a roll of silver gauze, 160 mm long, being inserted in the exit tube of the baffle chamber. Part of 
this roll (about 70 mm) was heated to 550° + 10° C; the remainder reached to the “‘beak’’ of the 
exit tube in the normal way. Typical results are shown in columns A of Table I and indicate that, 
= some silicon tetrafiuoride was formed during the combustion and retained in the carbon 
dioxide absorption tube. However, when the nitrogen oxides absorber was connected between 

" = absorption tubes, the values for carbon were within the limits of error, as shown. A small 
_ white deposit was also formed in the inlet connecting tube of the water-absorption tube; this was 
Sarr silicon dioxide arising from decomposition of the tetrafluoride compound. The 
weight of the pe aa was always oo than 0-05 mg. _ Assuming that the theoretical amount of 


—s Pa Confirmation of the formation of silicon tetrafluoride was obtained in another experiment. 

The products of combustion were dried by passage through a water- -absorption tube attached to 
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water. The hydrofluoric ; acid formed d according to to the reaction®*— 
was titrated with 0-01 N ‘sodium um hydroxide. A \ white band of silica was | deposited in the bead 


f absorber at the point where the gas as first came into contact with the moistened beads. The amount wi 


tetra. § of alkali consumed was equivalent to approximately 50 per cent. of the available fluorine.  =—S - 


RETENTION OF FLUORINE BY MAGNESIUM OXIDE— Hi dane’) 


a _ Weighed samples (3 to 4 mg) of trifluoromethylbenzoic acid were analysed as described above, ze 
____ fj but the silver in the exit tube was replaced by a layer of 14-mesh granules of pure magnesium oxide. 


tetra The layer of reagent (about 60 mm long) was positioned between 10-mm wads of silver wool in 
ves tt Et the part of the tube heated by the furnace. The remaining space up to the ‘‘beak’’ was occupied na 
nn by a roll of silver gauze. The oxide was heated to 550°C in some tests, but this temperature _ 
ul pre- was increased to 750°C in others. The results of these experiments are shown in columns B of 
resent # Table I, together with some values found for trifluoroacetanilide, the nitrogen oxides absorber — 
Paes being included in the system. The results for m-trifluoromethylbenzoic acid show that no silicon . 
— tetrafluoride was carried over into the carbon dioxide absorption tube. There was no deposit — 
ge in the inlet connecting tube of the water-absorption tube. Further, the reagent was efficient 
in in retaining th the fluorine compound at the lower temperature of of 550° IF 
RETENTION oF SILICON. TETRAFLUORIDE BY MANGANESE DIOxIDE— 


ywn to - In this series of experiments, only silver was used to retain the fluorine combustion products, — 
ecome § but, as the compound being examined was trifluoroacetanilide, the absorber containing manganese 
ou dioxide was connected between the water and carbon dioxide absorption tubes. Samples waging 

‘8 to 4 mg were taken for the analyses, and some results are shown in columns A of Table I. In 
fica distinct contrast to the previous analyses of m-trifluoromethylbenzoic acid, when only silver was 


coarse} It was thus established that manganese dioxide at room temperature retains silicon tetra : 


ted by  fuoride quantitatively, possibly to the 
at was § A further study of this absorption phenomenon i is being | carried. out to determine the wathatilinn 


gram’s I used to retain fluorine, the 1 values for carbon had the required accuracy (within +03 per cent. of “a 4 
nd the | the theoretical figure). ae these experiments, the a ae deposit was found d in bad inlet of the a 


en. was | 


oanihen | _ The values found for carbon and hydrogen indicated, at least for the two substances eee? 
920°C. | that silicon tetradiuorie could be quentitatively retained within the combustion tube by means 
a > 4 


wi 

ining 

trogen 
5. ar ‘The values ves hydrogen content listed under A were ‘determined after ter deposited s silica had been r removed ved 
aratus, 


Carbon Hydrogen Carbon “Hydrogen Carbon Hydrogen 


Part of 
, “content content content content content content 
of the = t 
found, found, found, found, found, found, 
carbon 


etween 

acid (carbon content, «(2-68 50:37 50°50 2-52 


25 50-95 23* 5083 318 

content, 320%) 50°65 50 * 
* Magnesium « oxide maintained at 56 at 550° den 
Absorber containing manganese dioxide between absorption tubes. 
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_ can also serve as an external absorbent for the tetrafluoride at room temperature, but then a slight 


preset 
is pre 
with ] 


of magnesium oxide ween the rate of flow o of oxygen was 50 ml p per fo eit! Fy “Manganese dioxide 


error in the values for hydrogen can be expected because of the small amount of silica collected 
in the inlet tube of the water-absorption tube. The deposit can be easily removed before the §f test-t 
: absorption tube is weighed, but traces of the solid may be be eaeales into the al absorber, although no §j after 
‘Instead of the magnesium oxide being packed directly into the combustion tube, it was § any a 
considered that it would be more convenient to place the reagent inside the roll of silver gauze, | Da > 
so that it could readily be changed when necessary without dismantling the apparatus. This § reage 
_ simplified procedure was examined and found to provide an alternative to the packed-tube tech- Jf of the 
nique without a decrease in accuracy. A cylinder was made from a strip of 60-mesh silver gauze § of 0-( 
160 mm long and about 40 mm wide, and this cylinder fitted snugly into the exit tube of the baffle § addec 
chamber. A second strip of the gauze, 85 mm in length, was rolled round a piece of thick silver ~~ 
_ wire, which was bent into a hook to allow the prepared cylinder to be withdrawn from the tube. J 
_ This roll was inserted in one half of the cylinder so that the hook projected outside. The remaining 
_ ‘Space in the cylinder was packed with 14-mesh granules of pure magnesium oxide, and the open < 
was pinched together to hold the reagent in the cylinder. of the 
Bt. The prepared roll was inserted in the combustion tube and conditioned in a current of oxygen is for 
at its working temperature of 550°C until the blank values were satisfactory. This modified slowl 
‘filling has proved reliable in the analysis of fluorine-, chlorine-, bromine-, iodine- and sulphur- § per 1 
containing compounds, but has not yet been used for the analysis of fluorocarbons . Some typical solut 


results for carb d hydrogen are sho n in col mans ( C of Table I. 
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DETECTION OF PYRAMIDON AND ANTIPYRIN WHEN PRESENT TOGETHER | 


_ Note describes two tests for detecting pyramidon (amidopyrin; 4-dimethylamino-2,3-di- § acid 
_ methyl-1-phenylpyrazol-5-one) when present together with antipyrin (phenazone; 2,3-dimethyl- § The 
1-phenylpyrazol-5- -one)* ceric sulphate, platinic chloride and mercurous nitrate | solutions in 


All materials should be of the highest of “purity obtainable. 

Ceric sulphate solution, 2 per cent. -—Frepered from the hydrated 


Pyramidon - antipyrin —A series of ries of aqueous solutions containing various concentra- 


tions of both compounds. x. 
| 


To about 1 ml of the antipyrin ction | in an 80- Xx 8-mm test- tube are mer 
on 1 or 2 drops of the ceric sulphate solution; a violet colour is produced in the presence of § the 
se _ By this ae, 0-012 mg of on per ml of solution can be detected in the 
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| presence of any amount of antipyrin that does not react with the ceric sulphate. . ceric sulphate i 
is present in excess, -antipyrin produces a red-orange colour when heated.) After the reaction vey 
with pyramidon, 5 to 6 drops of the mercurous nitrate solution are added to the contents of the _ 3 
test-tube. If antipyrin is present, a grey or black spongy sediment is formed immediately or _ ‘ 
after a short time; this precipitate, when heated with concentrated nitric acid, produces a red 
colour. By this reaction, about 0-03 mg of antiggtin can be Leena in 1 ml savaten containing 
_ It was found that the sensitivity of the test for antipyrin could be increased by using a mixed — 

reagent consisting of 2 or 3 drops of the 10 per cent. solution of platinic chloride added to 100 ml 

of the ceric sulphate solution. When this reagent was used, a precipitate was formed in the presence Pe ; 
of 0-015 mg of antipyrin per ml of test solution after the mercurous nitrate solution had been bs y 
added. A similar result was achieved with a mixed reagent consisting of about 0-5 ml of a 1 pert 
cent. solution of auric chloride added to 100 ml of the ceric sulphate solution. ee ae als: 


x. To about 1 ml of the pyramidon - antipyrin solution in a small test-tube is added 1 drop 
of the platinic chloride solution; if pyramidon is present, a violet-blue colour appears. The colour | 
is formed immediately with solutions containing about 0-02 mg of pyramidon per ml, but more ‘ . 
slowly (or immediately after being heated) when the concentration of pyramidon is about 0-O0lmg => 
per ml. Antipyrin produces no colour. However, when 5 or 6 drops of the mercurous nitrate = > 


solution are added, a grey or black ck sediment appears when antipyrin is ponent, even * the level | 


of 0-012 mg per r ml 0 of 
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DIRECT TITRATION OF HYDROLYSABLE SULPHUR IN ORGANIC COMPOUNDS | - 


As previously described, numerous sulphur compounds react with o- hydroxymercuribenzoic acid 


in alkaline solution to form soluble colourless sulphides having the structure RHgSHgR; this 
reaction can be used for determining hydrolysable sulphur, and a procedure based on determining 
the unconsumed excess of o- hydroxymercuribenzoic a acid after heating with the sample has been 
-‘This Note describes the direct titration of hydrolysable sulphur with o-hydroxyn ymercuribenzoic 
acid solution at room temperature, which has the advantages of being more selective and rapid. 
The procedure can be successfully used for the rapid determination of several sulphur compounds ~ 
in the presence of each other, depending on their different rates of de-sulphuration. pi aie ll 
_ When dithiocarbamates are titrated, the isothiocyanates formed undergo slow bute oon 

and so interfere with the determination. However, this can be avoided by removing the isothio- _ 
cyanates from the aqueous solution with an organic solvent. - Compounds such as f-aminoethyl- a 
and p- undergo to the corresponding» cyclic 


PROCEDURE FOR PHENYL- OR ETHYLMONOTHIOCARBAMATE, DITHIOCARBAMATE, ean 


The titration can be. carried out at 20° to 25° C, but a a temperature of 30° to 40° C is 5 pweleeable. ¥ 
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wap (or with methanol if the sample is insoluble in water), and titrate with 0: to 0-05 N o-hydroxy- Regt ee 
e are J mercuribenzoic acid. Thiofluorescein or dithizone can be used as indicator; with the former, #§ [i 


select 


_ Add to the sample 5 5 ml on N sitinte hydroxide, dilute with water to 50 ml , add | 5 to 20 mi ig 


of toluene, and titrate at 20°C with 0-001 to 0-05 N o-hydroxymercuribenzoic acid. Use thio 
fluorescein as indicator, shake well after each _addition of titrant, and take the end-point as being 

Ss Note that thiourea, ethylxanthate, o-phenylenethiourea, mercaptobenzothiazole, thiosulphate, 
oa - thiocyanate and sulphite interfere not at all, or only slightly, with either titration. Recovery 
“of the compounds tested was between 98-5 and 100 per cent., assuming that de- -sulphuration 
was 50 per cent. for the dithiocarbamates and complete for the other compounds. =  —~ 
Wrotiski, M., Anat. 1960, 32, 133; Chem. Anal., 1960, 5, 
ort Migezystaw WroNskr 
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We shave already outing’! a ‘method egg i in ‘food based on the 
phospholipids by lecithinase D followed by determination of the liberated choline. Originally, we 
4g prepared the enzyme concentrate from cabbage, but more recently we have had an opportunity 
of testing two samples of dried lecithinase D (one prepared from cabbage and the other from 
3 carrot) kindly supplied to us by C. F. Boehringer G.m.b.H., Mannheim, Germany (English agents, / 


Messrs. Courtin and Warner Ltd., Lewes, Sussex). ‘These samples 
trates that the suppliers to make available commercially. 


ye 


-cream No. 1 egg) . Boehringer (from cabbage) 
Ice-cream No. 1 plus 2 per cent. 
ane whole egg . Boehringer (from cabbage) 


a: r 7” results are shown in Table L, , from which it is evident that a suitable en of either 


; Boehringer lecithinase is 30 mg per determination. For the ice-cream, the choline derived from 
egg is, by difference, 0-0341 per cen cent; , this corresponds to 2-1 per cent. of dried whole e iat: whereas 


Casson, C. B., and Griffin, F. 1959, 84, 281. ] 1 
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RAPID EXTRACTION ANI D SPE CTROPHOTOMETRIC DETERMINATION roe 


VANADIUM WITH N-CINNAMOYL-1 /-PHENYLHYDROXYLAMINE 
THE reagent N-benzoy]- N- -phenylhydroxylamine, recommended by Shome! as superior ‘an cup- 


_ferron, has been widely used in analysis; it is an excellent reagent for the spectrophotometric 
7 determination of vanadium.?*.* Tandon and Bhattacharyya® studied many N-acyl-substituted 
_N-arythydroxylamine to obtain more information on the factors influencing 
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NOTES 
selectivity and wenaltivity of their reactions with metal ions. These workers veveniiennel 
iN -N- /-phenyihydroxylamine ) as a highly ‘Spot- -test for vanadium, 


and this Note describes its use for the ae ry determination of milligram amounts a 


 N- -Cinnamoyl- N-phenylhydroxylamine has all the useful features of N- benzoyl- -N-phenyl-_ 


hy -droxylamine as a reagent for vanadium, but is superior in sensitivity of reaction. The molecular — 
extinction coefficients of the violet complexes of N-cinnamoyl- and N-benzoyl-N-phenylhydroxyl- 


amine with vanadium are 6300 + 50 and 4650 + 50, sada at their wavelengths of: maximum — 
absorption (calculated on the basis of vanadium). wel 


solution—The reagent as prepared in the laboratory® 


~~ | consists of pale- green crystals, melting- point 162° to 163° C, and is stable to heat, light and air. 
weed A01 per ‘cent. w/v solution i in ethanol- I-free chloroform 1 was used for the ‘extractions; { this solution, 
nate stored in a dark bottle, is stable for several days. 


Ammonium vanadate solution, aqueous—The vanadium volu-— 


ents, 


ncen- 


toa . separating funnel, and add distilled water and earns Searing acid until the volume is about 
25 ml and the acidity is between 2-7 and 7-5N. Add 8 to 10 ml of N-cinnamoyl-N-phenyl- 
hydroxylamine solution, shake the funnel vigorously, allow the layers to separate, and collect = 
‘| the chloroform layer in a 50-ml beaker containing about 1-5 g of anhydrous sodium sulphate. _ 
Wash the aqueous layer twice with 5-ml portions of chloroform to remove any residual violet ~ =i 
colour, and add the washings to the contents of the beaker. Decant the violet solution from the — 
beaker to a 25- ml calibrated flask, wash the adhering colour from the ‘sodium eae crystals 


Corex cells with a Unicam SP500 Calculate the amount of corre- 
sponding to the optical density by reference to a calibration graph. 
The 0-1 per cent. w/v solution of N- -cinnamoyl-N-phenylhydroxylamine has practically no 
absorption at 540 my, so that the use of chloroform in the reference cell is satisfactory. All aie 


either glassware must be free from ethanol. 


af, 
solution of N. -cinnamoyl- -N- in chloroform reacts with quinquivalent 
_ de vanadium in solutions 2 to 10 N in hydrochloric acid and produces violet-coloured extracts. ‘The — 


: ieee 9 absorption spectrum | of such an extract has a broad band at 530 to 550 my, the sides of the ‘band 
aye | being symmetrical. The chloroform used must be free from ethanol, otherwise the absorption 

1961 spectrum of the complex is affected. other organic solvents, carbon 
ite a 

part 

ituted maximum colour the concentration of acid in the aqueous ‘should 
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t Ensure that the vanadium in the sample solution is in the quinquivalent state by treating < , ao. 
. : _ | it with a few drops of a dilute solution of potassium permanganate until a faint pink colour persists. __ . Be BS 
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OTES Vol. 8 
peers acid was suitable for adjusting the acidity, but the presence of other acids could 


_ be tolerated, provided that their concentration in the aqueous phase was less than 1 N. ba lle 


ad Colour is extracted into the chloroform layer in about 2 minutes, and the extracts are are stable. 


for a few days if stored in a cool dark aii _ The optical densities of extracts stored for 1 week 


7 ‘The optimum concentration of the 1 clean eagent solution is 0-1 per cent. w/v, and maximum 
development of colour takes place when the molar ratio of vanadium to reagent is 1 to 10. In 
practice, approximately 70 mg of reagent were used for each 1 mg of vanadium, but larger excesses 


of reagent can be tolerated. The order in which the reactants are mixed is not critical. — 


is approximately 1-5 to 5 p. p. m. 
Errects OF OTHER IONS—_ 


‘The effects of various ions on on the ‘determination of vanadium with N- -cinnamoyl- -N -phenyl- 
hydroxylamine were almost the same as those found when N-benzoyl-N-phenylhydroxylamine 
was used. Results obtained in the presence of ions commonly encountered in determinations of 
vanadium are shown in Table I; the ions were added as solutions prepared from analytical-reagent 
grade salts by West’s procedure.” There was interference from the ions Tit and Mo*+, and the 
_ permissible limit of the former ion in the aqueous phase was 20 p.p.m. for each 1 p.p.m. of vanadium. 
- Much higher concentrations of Mo** can be tolerated if several successive extractions are made 
the ions listed below ‘when the ratio of 


_ Higher weight ratios were re studied for a few ions and were tolerable. — 


I 


IONS 


& 
The concentration of vanadium Pca in test was 0-093 mg per : 25m 
added as AL(NO, . 
Co*+ added as Co(NOs,), 
{ Cr*+ added as Cr(NO;), 
Cu*+ added as Cu(NO,), 
Fe*+ added as Fe(NO,)3_ 


« added as (NH,),MoO, 


Ti*+ added as TiOCl, 
WO, added as Na, WO, : 
added as Zr(NO,), dee 25 


tT Two further extractions with 5-ml portions of reagent solution. 


‘PREcISION— 


average optical density found for twelve replicate samples, each containing 093 mg of 


vanadium in a final volume of 25 ml, was 0-460; the mean deviation of these results was 0-005. 

_ The method is rapid, gives reproducible results and is not affected by wide variations in factors 

such as temperature, ionic strength and volume of the aqueous phase. — The sensitivity of the 

7 reaction, calculated on bean basis defined by Sandell,*® is 0- 008 8 wg of vanadium per sq. cm at 540 mp. 
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APPARATUS 1 FOR THE PREPARATION OF STANDARD GAS MIXTURES 


PROBABLY the greatest drawback to the gas- gas-chromatographic analysis of mixtures of seaman 

gases is the need for calibrating the chromatograph. Calibration can be carried out very simply — 

and rapidly if standard mixtures of gases contained under pressure in cylinders are available; 
however, such mixtures of certified composition are expensive and not readily available in most ba 
laboratories. We have found that an extremely simple apparatus incorporating calibrated glass 
syringes and a rubber football bladder can be used to prepare mixtures containing known amounts — k, 

of permanent gases rapidly andy with ‘Sufficient ‘accuracy for routine | work. 


The apparatus is shown diagrammatically in yee, 3. _ The 10- and 30-ml syringes are normal a 
hypodermic syringes calibrated in 1- and 5-ml divisions, respectively. - The 100- and 250-ml | 
syringes: are readily constructed from glass and are made gas-tight by the use of O-ring seals at — 
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Fig. LD Diagram of standard mixtures of om 
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a the ends of the p plungers; they are calibrated in 25- and 50-ml divisions, respectively. ua Ciasailitioes 
To prepare a gas mixture of known composition, the bladder is first evacuated via taps B and C; | H 
7 a suitable vacuum pump can be used or the plunger of the 250-ml syringe can be withdrawn § ™ 
_ several times, with manipulation of taps B and C. The latter method normally gives adequate 
- evacuation of the bladder. The connecting lines are then flushed out via taps A and C (with 
Bons B closed) with the pure gas to be introduced, and the volume of gas required is drawn into 
_ the appropriate syringe. Taps A and C are then closed, tap B is opened, and the desired volume 
- gas is transferred to the bladder. _ The procedure is repeated for as many components as are 
required. a Very small amounts of a component may | 7 injected directly into the bladder through § * 
: _ the self-sealing rubber cap with a hypodermic syringe. The gases are finally mixed by manipulation g 
of the bladder. The total volume of gas introduced should be such that significant pressure is 
- not produced within Ge bladder. Samples for injection into the chromatograph can be eo 


_ Timms, Konrath and Chirnside? are used, the bladder can be detached and affixed to the es 


a inlet of the valve. It should be mentioned, naturally, that the | material of the bladder must 
be completely inert, chemically and d physically, to the gases used. 


range, % v/v Equation* mixtures 
Otol: 75 Hy % 0-108h 006 0-03% of 
5to40 Hy, 0-172h — 0-32 0O2%ofH, 

onoxide  .. CO, % =0168h —0-01 03% 0fCO 
Methane .. to 6 CH % of CH, 
Oxygen. 20 % = 0-967h — 0-05 (03% 0f0, 


4 * In th nme uations, h is the height, in millimetres, of the appropriate peak. \ an 


lim: “> ye, 


_ t Calculated from the expression zy —y) , in which y is the concentration present (% v/v), 


y’ is is the ci concentration calculated calculated from the equation (% v/v) and n is the nm number of mixtures used. ed. 


The precision attained in n preparing gas mixtures vilianies known composition for calibration purposes 


g shown by the results in Table I; 1 ml of each mixture was injected into a Fisher Model 25 Gas 
ee the peak height for each component was measured, and the calibration 7 


for each component was then calculated. di 


_ The standard errors shown provide a good indication of the precision with which the mixtures 
- we ere prepared, as the instrument gave reproducible results for several samples of the same mixture, 
and the response of the instrument was known n to i linear over the the — ranges of of concentration 
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EXPLOSIVES AND CHEMICAL INDUSTRIES Lrp. 


‘TRANSVAAL, SoutH AFRICA 


A SIMPLE AND FRACTION ‘COLLECTOR FOR CHROMATOGRAPHY 


Tue fraction collector x described was built from readily available materials and components at 


can be collected, and simple alternative devices. for controlling collection ty ee intervals or 


— 
— | 
i 
| 
— 
| 
tu 
be 
fr 
K. G. Wootmincton _ w 
Ee. Received March 6th, 1961 
ct 
Se 
— — 
— 


Tol. 86 

ections 
be ig 7 power pack. _ The motor used was a 12- volt, l-amp ratchet motor obtained from Z and I 
and C: § Aero Services Ltd., 14 South Wharf Road, Paddington, London, W.2, which required only ae 
drawn modifications. These were carried out as follows. The spindle for the ratchet wheel was removed _ 
equate | and cut off 4 inch from the threaded end. - transverse cut was made across the cut end of the ie 

> (w ith | threades piece to take a screwdriver. © The upper guide hole for the spindle was drilled out to 
mn into § % inch, and a No. 3 BA bolt 2 inches long was used as a spindle to carry the turn-table for con-— 
volume § nection to the ratchet wheel. — _ The hollow stem of the ratchet-wheel assembly was threaded to 
as are § take the No. 3 BA bolt. The ratchet wheel was then replaced, the : shortened spindle being used — Mins 


hrough lower bearing, and the motor was bolted to a heavy wooden base. 
ulation} The power pack was assembled from a 12- volt battery-charger transformer and a full-wave 
ssure is rectifier giving an output of 12 volts 1 amp. The ratchet-wheel assembly was already fitted 
ndrawn § With four “‘make-and-break”’ contacts operated by arms set at 90° intervals (see Fig. 1), and these — 
sy! and | were used to stop the fraction collector after 25, 50, 75 or 100 fractions had been collected. Bor: 


oO. 
ixtures 


Make-anc 


“Arm actuated 
by solenoid 


Fig. Diagram of ratchet-wheel assembly showing 2 
_ ‘The second stage was the construction of the turn-table. The diameter chosen for the tubes — 
J was “a inch, so that 3-inch x }-inch or 5-inch x }-inch tubes could be used. The centre-to-centre 
___, _ Idistance allowed for rimmed tubes } inch in diameter was 16 mm, which gave 25-5cm as the radius 
nixtures 
‘diate from spindle to centre of tube; tubes of larger diameter would require a correspondingly larger 
'fturn-table. The turn-table (total radius 28 cm) consisted of an upper disc of 18 s.w.g. aluminium 


"4 bolted to a }-inch thick disc of hardboard for rigidity. rose) the oa of the tube centres a 


purposes 
| 25 Gas 
quation 


the 2-inch No. 3 BA bolt, which was screwed into the stem of the ratchet: wheel assembly. — 
friction brake acting on the rim of the turn- aatts was used to damp the movement. wae 
» Finally, the control devices were made. The time control was based on a synchronous 
electric-clock movement. A “wiping” terminal was attached to, but insulated by stunbe sleeving 
y= a from, the second hand and had a radius of 4cm; the minute and hour hands were not used and © ra 

GION were not attached to the movement. The current was carried by means of an overhead strip of ) 

ot aluminium to the centre where continuous contact was made with the ‘“‘wiping’’ terminal. — The a 


| ‘wiping” terminal was made to contact with copper rivets, set at 15, 30, 45 and 60 seconds, as n 


A 


it rotated. _ _ The rivets were } inch in diameter and were sloped on the approach side and sharply 
cut off on the reverse side. Three Perspex shields were made to cover the rivets so that, by 
Tivets so tha’ 
selective insulation, intervals of 15, 30 or 60 seconds could be obtained. 
nents at ‘The -volume- control device (see Fig. 2) was a balanced d siphon, the movement of which was : 4 
fractions J made to operate a 1 simple switch consisting of a: platinum \ wire, attached to the balance arm, BY, 


or mz tking contact with a pool of mercury ina tube. was restricted to 34 inch at 
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‘Fig. 2 


of mercury as the other. - Contact of the switch was made when the siphon was empty, and the] 
- balance was set to break contact when 0-5 g of eluate had been collected. This setting does not 3 
_ cause overheating of the motor solenoid coil during open. _ The mercury switch and siphon | 
q assembly are removed when the time controller is in use. In the last position for collection is 


fitted a bottomless tube, so that excess of eluate can be collected in a beaker placed under the 


SIMPLE LOCK FOR USE ON HIGH-VACUUM APPARATUS 


Tue determination of gases in metals by the va vacuum fusion technique requires the introduction 
of the material to be analysed into a high-vacuum apparatus. Samples can be either loaded 
into an apparatus before outgassing or introduced during a run via a vacuum lock or, in certain 
special instances, by means of a mercury lift. The first of these approaches has been widely used, 
_ and samples can be loaded into a ounny designed manifold or ‘‘tree’”’ and released in turn by 
7 Taising retaining plungers magnetically. ‘Trees’ of this type have been described by Booth, #1 
_ Bryant and Parker! and Swann and Williams?; Gregory, Mapper and Woodward* have given ]# 
_ details of a manifold containing hinged trip-buckets operated by solenoids. However, this method 
of introduction lacks and it is often when analysing n material having an 
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Fig. Construction of lock 
J unknown cc content of gas ; to be able to adjust the weight ‘taken after an initial ati hes been 
carried out. Further, if a “ 


= 


‘tree’ is used, the samples will be stored under vacuum for several 
hours while the crucible is being ‘outgassed, and for certain types of material this may be un- i : 
desirable. A suitable vacuum lock can overcome these limitations, as, when such a device is _ 

fused, samples can be rapidly introduced into the apparatus during an analysis. Although a small 
vacuum lock has been described recently by Still,‘ it ‘was thought | that there was a need fo for a lock | 
of simple which could be easily fabricated. 


_ The lock shown in Figs. 1 and 2 is made of brass or stainless steel and constets ae a hollow 


atin grooved to take two pairs of O-rings -(OS12; inside diameter $ inch, outside diameter 


ely used, i inch), through which slides a smoothly polished shaft. The O-rings, which are lubricated with 
turn by Apieuan L grease, form vacuum seals between the shaft and the cylinder. _ When the shaft is — 
, Booth, {pushed into the cylinder, the air trapped in 1 the small well containing the sample is pumped rapidly ~ 
ve given away through the apparatus, and, after a satisfactory working pressure has been attained, rotation | 
; method Jof the shaft through 180° allows the sample to drop through the taper joint and thence via a funnel — 
i 
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! 
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BOOK REVIEWS 


— Although a canal amount of gas s at atmospheric pressure ‘is s introduced into the system when ff be a 
the shaft is slid into the dropping position, it has been found that the peaand pumps down” § copi 
after 4 to 5 minutes, attaining the original blank rate. 
_ Several of these locks have been made and have proved to be extremely satisfactory dncing diete 
operation. . Their use permits the design of a vacuum fusion apparatus to be simplified, as both § will: 
the metal forming the bath and the samples can be introduced simply; further, the ‘“‘dead’”’ volume ff Eve! 
of the furnace assembly is considerably decreased. This may be advantageous when a high rate J wha 
Offic 


of transfer of evolved gases from the crucible is important, as in the determination of oxygen 
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THE CoMPosITION OF -McCance, C.B.E., M. D., Ph. D. D., F. F. RS. 
E. M. Wippowsov, D. Se. Medical Research Council Special Report Series No. 297 (Third 

revised edition of Special Report No Pp. viii + 252. London: Her Majesty's 


Having, scientifically grown with a book as with ‘““McCance and Widdowson” 
_ and confronted with a new edition, one has got about an equal chance of being blind to its faults 
Be unappreciative of its virtues. Which of the two looms the larger probably depends on the 


ee Peery of the reviewer at the “moment of truth,” which is doubtless the moment when he first 
puts pen to paper or finger to key. 

- _ So I have perhaps been wise to hesitate for some weeks ne venturing to oe ia 

_ any opinion on this, the third revised edition of the Medical Research Council’s Special Report 
No. 235, now renumbered as shown above. The pause has, I hope, given time for enthusiasm 

and wonder to be replaced by critical evaluation and a sense of historical perspective. But it 

is indeed difficult, if not impossible, to recapture the mood in which we welcomed the first paper- 


( bound edition in the grim year 1940. ‘The Analyst itself (1940, 65, 458) records the birth of the { 
; Special Report in a purely formal (unsigned) summary, which opens with the reminder that the | rot 
Report “supplements, but does not supersede, the three Reports . . . previously issued by the } ;,, 
Council. aan A little research shows that these three early Reports, the scaffolding amid which § p¢, 
‘ the present noble edifice was built, appeared as long ago as 1929, 1933 and 1936. It is more wit 
- - difficult to think back to those still earlier pioneer days when our knowledge about the detailed 7 
: nutrient analysis of foods was about on a par with our knowledge about nutrient requirements } 5, 
_and both were so elementary as to be an embarrassment to all concerned. = cy 
is more due to the work of Professor McCance, Dr. Widdowson and their succession of § 
; _ colleagues at Cambridge than to that of any other worker or group of workers, living or dead, f ge 
_ that to-day our knowledge of the former, even when only to be given as a mean or modal value J} 
7 _ within a pretty wide range, has outstripped our information about the latter, which we can still } j,, 
express as no more than a figure, and an average one at that, for the mythical ‘“‘normal’’ man, § +), 
7 woman or child. Still, it’s good 7” find even an islet of terra firma to sustain the i increasing pressure § ;,, 
a To describe in detail how the 252 pages of the new (cloth-bound) Report No. 297 differ from at 


the 156 pages of the os (1946 and cloth- nomen Report No. - 385, _ and they in tt in turn from 


it 
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‘the paper- third impression n of the o: Report No. 235, 


when § be a work of supererogation. _ All those who have to-day a dog’s-eared copy—and all extant a : 
lown” copies must assuredly be in that condition—of any earlier edition will inevitably order and im- 

luring 

; both | will require the book, so that none of them will require words of commendation pivare any reviewer. a 
olume | Even though its price be five times that of the 1946 and 74 times that of the 1942 edition, and 
h rate Ww hatever number of it may have been printed, which I am unable to decipher from the Stationery — 


Office’s coding, P ll lay “all the equipment of a modern ‘kitchen to. a single antiscorbutic 


get in before bibliophiles reduce stocks in the hope of having unearthed another collector’s piece. Bie : 
Anyhow, out of sympathy and astonished admiration for the years of perspicacious, painstaking 
and immaculate work that the authors have had to put into this steadily growing mass of essential — 
data, I trust that they will not be called on to supply another wholly new edition for some years — 

Tt Meanwhile, it should suffice to say that Part I of the new Report adheres to the admirable oe 
pattern and conventions adopted before, but that it now includes two further Parts—a short one — ~ 
on the amino acid make-up of the proteins in all important animal and vegetable foods containing _ 
significant quantities and a longer one on the vitamin contents of all our main foods. The former 
covers 18 amino acids, including the eight—or perhaps it is ten— ‘essential’ ones: the latter > 
gives figures, when appropriate, for carotene and the fat-soluble vitamins A and D and for all the 
main water-soluble vitamins of the ““B group,” including vitamin B,,, which they do not call by its 
official name of cobalamin, and ascorbic acid. And I am glad to add, though not in the least — ee 
surprised to find, that they steadfastly refuse to call riboflavin ‘‘vitamin n By ” which it isn’t, or 
nicotinic acid ‘‘niacin,’’ which it never should have been. 
Perhaps a slightly querulous question may here be addressed to the Publication Section of — 
the M.R.C.—or should it perhaps be to H.M. Stationery Office? m When can the last two letters of r, : 


., and the word “gramme” be finally, formally and officially dropped in : scientific British literature? 
(Third Even before we all go over to the metric system, this could save an . appreciable amount of space. 
jesty’s _ As heretofore, all that the authors have to say in their General Introduction, and now what ; 
ri they add in the special Introductions to the three Parts of the book, along with their numerous 


wson” Ff its original. purpose as a catalogue of analytical results presented as nutrient “‘data.’’ It is indeed ’ 


faults a book without peer or parallel, especially for those working in relevant fields in the United Kingdom 

on the f and the Commonwealth, but also elsewhere. Few, if any, of them can do without it for a ren a 

unless they are prepared to limit their efforts bya self-inflicted handicap. L. BacHARACH 

Report HANDBUCH FUR DAS E1SENHUTTENLABORATORIUM. Band Diz UNTERSUCHUNG DER NICHT- 
usiasm 

But it 

paper-— 1960. 

of the 

at the nae to the Methods of Analysis Committee of B.I.S.R.A., but seems to have somewhat wider 

by the terms of reference, has published a four- sone work intended to cover the entire analytical 
which } needs of an integrated iron and steel works. This is the second edition of volume I and deals _ 

tailed _ After an introduction explaining the purpose and scope of the work, there follow sections 

‘ments } on the analysis of ores, phosphates, slag-forming materials, flue-dust and blast furnace potassium | 

vg _ | cyanide, slags, cements, refractories, solid fuels, gases, tar, pitch and benzol, fuel oil and lubricants, = 
ion of insulating oil and water. There is no section on sampling in the second edition, as this is now 7 
dead, dealt with in volume III, “Probenahme.” 
value Although classical methods form the basis of the work, use is made, appropriate, of 
“i still | instrumental methods, e.g., photometry, polarography, and potentiometry, but, as explained in 7 : 
_ man, f the introduction, in order to save space no directions are given on the selection and use of particular 

ressure 


instruments. 4 Colorimetric methods indeed are pushed to the limit; the molybdenum-blue method © 
is taken to over 20 per cent. of silica, and the 1,10-phenanthroline method to 60 per cent. of iron, 
at which level its error is stated to be +0-20 per cent. Alternative methods are given for most 


determinations, and the _ for an analysis, as well as the probable error, is stated. The latter 
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is taken as being approximately twice the | standard deviation. _ Here, the German Committee are 
somewhat ahead of B.1.S.R.A., who have ony just begun to think of reproducibility in statistical 


use metry 


ConT! 


(see 2 
made of spectrographic methods, although the value deals with sampling for Italia 
In the section on fuels, oils and greases, where methods tend to be more empirical, extensive of che 
reference is made to the methods of the German Institute of Standards’ (DIN). In all, over [4"5¢ 
_ thirty existing standard methods are referred to in this work (which is printed according to DIN B5). (6 in 
-_ _ In recommending a book of this kind to chemists in British iron and steel works, one has to | @t 4 


consider how strong and relatively local are traditions in this field. Nevertheless, although the } 4 b 


that, e.g., the clumsy mercurous nitrate method is retained for determining tungsten. 
of titanous chloride to hasten the reduction of tungsten in its colorimetric determination (British 
_ Standard 1121 : Part 32: 1954) seems not yet to have spread to the Continent. Inv view of the 


_ evident belief of the Committee in . potentiometric methods, recommended for chromium, ' vanadium, 


antimony and arsenic, it is rather surprising to find no mention of such a method for manganese, 
See Among the procedures given for refractories are a number taking as cmt as 60 hours. It 


_ methods selected would not necessarily be the first choice in a British laboratory, they are un-| analy 
-doubtedly well-tried and reliable, and I do not know of any work in English that covers the same - 
_ field so thoroughly. The method of presentation is uniformly clear and the production and ; 
_ ~printing are of a high standard. The list of contents at the beginning is so full that anyone using soe 
4 the book would have little need of the index, especially as there is a neat system of cross- references | an 
_bym means of earlier volumes of the “Handbuch,” this one is reasonably priced. 


GRUNDLAGEN UND VERFAHREN ‘VON FLAMMENPHOTOMETRIE Russ 


Stat FLAMMENSPEKTROGRAPHIE. By Prof. Dr. WOLFGANG SCHUHKNECHT. Pp. xii + 258. 


Stuttgart: Ferdinand Enke Verlag. 1960. Price (paper) DM 65.50; (cloth boards) DM 69. 
‘The author of volume 48 in the: series * ‘Die chemische Analyse” " was one of the earliest users 


of direct- reading flame methods and is therefore well qualified to discuss flame-emission spectro- 
- scopy, a technique that is still developing and rapidly extending its field. . This is a rather ele- 
“mentary book and deals with the application of flame methods to practical analytical problems; 


will ; 
to t1 


7 ; it is directed to the student rather than to the research worker. af There is a tendency for equipment 4 

_ of non-German origin to be discussed only when no corresponding German apparatus is commer- f trea’ 

7 ‘cially available. Thus, all the filter- -type flame photometers listed are of German manufacture, J is br 
x whereas almost all the prism or grating instruments mentioned are of non-German origin. ~The J to s 
reader is therefore left with a rather unbalanced picture of the equipment currently available. md lists 
pr Professor Schuhknecht restricts the term ‘‘flame photometry” to filter instruments and uses § lang 
“flame spectrophotometry” for prism or grating equipment, a distinction with which not all will J asso 

- ‘agree and which seems out of line with common usage. It is claimed, too, that equipment of the J stan 
_ latter type is less convenient to use, again an opinion that will not be universally accepted. _— wit! 
‘The book is divided into four sections. Section 1, discussing the flame as a light source, deals fof r 

_ briefly with practical aspects of burner design, gas ‘supply , _ flame excitation, sample introduction, | typ’ 
interference effects and flame-background factors. ‘Section II, on flame photometry and flame | Eve 
_spectrophotometry, | gives a simple discussion of filters and photocells and details a few commercially § tec 
available instruments. Atomic-absorption methods are treated in less than two pages, and this Jreac 


- the point of view of interference and other factors of practical importance. Section III deals 
in 75 pages with laboratory instructions for the application of flame photometry to various types 


of material. These instructions are much more detailed than is justified in a book of this nature, 


including, for instance, the preparation of straightforward standard solutions for each of the [has 

_ nineteen methods described for determining alkalis and alkaline earths in chemicals, minerals and of | 
"iological and agricultural materials. Section IV deals very briefly with flame ‘Spectrography. fro 
xa A a of 496 items, with titles, is } much less useful than it — have been, because is 
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nid This book, within its limited field, will | serve a useful purpose, “but there have in the past a Ss 


dium Ricerca Scientifica.”’ "Pp. 

C.N.R. 1960. "Price 2500 Lire 

pub- 

sntion 

ng for § Jtalian Polarographic Research Centre and the University of Padua and held at Bressanone “- cs 

~ August, 1959. The 12 papers (all in Italian) contributed to the first symposium on the correlation ais 

ensive | of chemical constitution with physical properties are largely theoretical in nature, but cover a wide * 

_ over range of physical techniques, "including dipole ‘moments and ultra-violet spectroscopy. % Those — 

N Bs), | (6 in English, 2 in Italian and 1 each in French and German) submitted to the second symposium, ad 

has to | at which relationships between polarographic constants and molecular structure were discussed, 7 

th the | ze by well known polarographers, such as Elving, Randles, Semerano and Zuman, and will interest 

using Russian: A _ TEXTBOOK FOR Chases: ‘AND SELF- 

MES comparatively recently, few were aware of the enormous research by 

4 Russian scientists during the post-war years, and there was a general tendency to underrate their aa * 
[scientific achievements and progress. The increasing number of cover-to-cover translations of Prat 
ETRIE } Russian scientific journals has done much to alter this situation, but the serious research worker — 

F 258. § will increasingly experience the need to read papers and books in the original . Indeed, an ability 

M 69. F to translate Russian with reasonable facility is becoming as important as the ability to read 

users | German. _ For those, . too, w ho believe that the study of a foreign language is in itself a valuable — 

ectro- intellectual discipline, ‘Russian has many features that make it a most attractive alternative to 

er ele- fLatin or Greek. But, whatever may be the reason for a student commencing a serious study of _ 

lems; Russian, he could find no sounder guide than Perry’s excellent book, 

pment} Although great experience and care has gone into planning the order of presentation, the a 

mmer- J treatment is never superficial and the book makes no concessions to the dilettante; although it — 

cture, | is broken up into a series of relatively short lessons, subdivided into paragraphs admirably adapted — “ae 
_ The to short spells of spare-time study, industry and application are still essential. Starting with © Pas e 7 
ble. lists of foreign technical terms that have been taken over substantially unchanged into the Russian pis i -" 
d uses § language, ‘student is quickly familiarised with the Russian alphabet. At this stage 
ll will association of each Russian word w ith : its transliteration (following the system of 
of the 
, deals J of memorisation. this becomes of great value when one is confronted with the 
iction, § typical Russian text-book or paper from which all such accents have been omitted by the printer! — . ¥ q 
flame f Every aspect of the Russian language—so far as it concerns the problems of translation from “od 4 
rcially J technical literature—is dealt with in the forty-odd lessons that follow, each of which contains — 
id this Jreading © and translation exercises. The book conchades. with a good index and an extensive — . 
| deals eo _*F or those who learnt their Russian from the the first (1950) e edition of this book, the most striking : i 
; types Jimprovement in the second edition will appear in the excellent lay- -out achieved by the English 
.ature, J firm of printers and in the new typography, particularly in the Russian portion of the text. ‘This — Bias 

of the J has made it possible to decrease the number of pages from 816 to 565, despite the increased number os ; 

is and fof notes and cross-references, and yet there is an outstanding increase in legibility. Misprints 
raphy. § from the first edition appear all to have ane corrected, and the more topical reading i 
ecause 
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1960 Committee on Analytical Reagents (W. STANLEY CLABAUGH, "Pp. ‘xvi vie 
564, Washington, _D.C.: Applied Publications, American Chemical Society. 1961. Price 


_— REACTIONS IN Oncamre CHEMISTRY. By ALEXANDER R. SURREY. Second Edition, 
Pp. 278. New York and London: Academic Press Inc. 1961. Price 00; 64s. 


REFERENCE ELECTRODES: THEORY AND PRACTICE. Edited by Davip Ives and | GEORGE J. 


«Janz. Pp. xii 661. New York and London: Press Inc. 1961. ‘Price $20. 00. 
‘Tue RADIOCHEMISTRY OF ¢ SELENIUM. By G. W. LEDDICOTTE. Pp. vi + 38. Washington, D. 
= Academy of Sciences—National Research Council. » 1961. Price 50 cents. - 


“Nuclear Science Series: NAS-NS-3030. 


‘Tas oF THE TRANSCURIUM ELEMENTS. By y GH. Hiccins. Pp. vi + 35. 
ashington, D.C.: National Academy of ‘Sciences —National 


Series: NAS-NS-8031. hit 


1, May, 1961. by R. N. SANDIFORD. = 55. East Melbourne, Victoria: 
Australian Institute of Agricultural Science. Annual Subscription (4 parts per ye 


* 7 _ A new journal; Postal Address: 226 Clarendon Street, East mens 


RADIOCHEMISTRY OF ALUMINIUM AND GALLIUM. By Joun E. Lewis. Pp. vi 48. L 
Lo _ ington, D D.C.: National Academy of Sciences—National Research Council. 1961. 


REPRINTS OF “COULOMETRIC METHODS IN T. LEWIS 


- REPRINTS of the Review Paper, ‘‘Coulometric Methods in Analysis” ” by D. T. Lewis, is, published 


in this issue of The Analyst (pp. 494-506), will be available shortly from the Assistant Secre- 

tary, The Society for Analytical Chemistry, 14 Belgrave Square, London, S.W.1, at 5s. per 

copy, post free. A remittance for the correct amount, , made out to The Society for Analytical 

- Chemistry, MUST accompany the order; these reprints are not obtainable through Trade 
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Methods for the of Nom-soapy Detergent (NSD) F Products 


By Longman man and J. Hilton 


"Society for Analytical Chemistry Monograph No. an 


THE first of the Society’ S Monographs is being published caine with this issue of 
The Analyst. It is “Methods for the Analysis of Non-soapy Detergent (NSD) Products,” 
by G. F. Longman and J. Hilton, of Unilever Research Laboratory, Port Sunlight, Cheshire, 
and i is an expanded version of the paper delivered by G. F. Longman to the North of England 

Section in Manchester on Saturday, March 12th, 1960. The Monograph is bound in stout 
_ paper covers, uniform in size with The Analyst, and contains in 30 pages a complete practical 
scheme for the determination of all components of most non-soapy nae ned at present 
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One of a series of Handbooks of Electroanalytical Methods obtainable from the publisher at 
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